This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at  http  :  //books  .  qooqle  .  com/ 


/  H  6 


THE 


STUDENT'S     TEXT -BOOK 


OF 


ELECTRICITY. 


BY 


HENEY  M.  NOAD,  Ph.D.  F.B.S.  F.C.S. 

LECTURER   ON   CHKMIOTHT    AT    8T.    GEORGE'S    H08PITAL ; 

AUTHOR  OF  '  A  MANUAL  OP  CHEMICAL  ANALYSIS,' 

'  A  MANUAL  OF  ELECTRICITY,'  KTC.  KTC. 


WITH    FOUR    HUNDRED   ILLUSTRATIONS. 


LONDON: 

LOCKWOOD  &  CO.,  7  STATIONERS'-HALL   COURT, 

1867. 
M 


LOSDOS 

PBIST1D    BY    8POTII8W0OD*     AND    CO. 

SBW-8TREBT    SQUABS 


©5Z3 


PREFACE. 


In  the  following  pages  it  has  been  my  endeavour  to  present 
a  faithful  reflex  of  the  present  state  of  Electrical  Science. 
The  work  being  specially  intended  for  the  use  of  students, 
much  condensation  was  necessary  in  order  to  bring  it 
within  the  limits  of  a*noderate  sized  volume.  It  will,  never- 
theless, I  hope,  be  found  to  include  the  latest  important  dis- 
coveries, and  the  chief  practical  applications  of  the  science. 
In  carrying  out  the  design  of  the  book,  I  have  availed 
myself  freely  both  of  the  matter  (in  a  condensed  form),  and 
of  the  illustrations,  of  my  '  Manual  of  Electricity,'  but  the 
present  volume  will  be  found  to  contain  much  additional 
and  important  information,  which  has  become  available 
since  the  publication  of  that  work.  In  the  composition  of 
the  chapters  on  Electric  Telegraphy,  I  desire  to  acknow- 
ledge, with  thanks,  the  assistance  which  I  have  received 
from  the  valuable  '  Cantor  Lectures,'  delivered  at  tho 
Society  of  Arts,  in  the  spring  of  the  present  year,  by  that 
eminent  electrical  engineer,  Mr.  Fleeming  Jenkin,  F.R.S. 
I  am  indebted  to  the  same  gentleman  for  the  elaborate  de- 
scription of  that  beautiful  electrical  instrument  invented  by 
Professor  "William  Thomson,  F.R.S.,  viz.  his  Portable  Elec- 
trometer. The  report  of  the  joint  committee  '  On  the  Con- 
struction of  Submarine  Telegraph  Cables,'  has  supplied  me 
with  much  information,  that  part  detailing  the  investiga- 
tions of  Mr.  Latimer  Clark  having  been  especially  valuable. 
My  thanks  are  also  due  to  my  friend  Mr.  Gassiot,  F.R.S., 
who,    with  his   well-known  courtesy   and   kindness,   has 
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allowed  me  access  to  his  Electrical  Laboratory,  and  has 
given  me  an  opportunity  of  witnessing  there  those  mar- 
vellous phenomena  connected  with,  electrical  discharge 
through  different  vacua,  to  the  development  of  which  he 
has  devoted  so  many  years  of  laborious  research.  It  is 
almost  needless  to  say  that  throughout  the  whole  work 
Faraday's  '  Experimental  Researches  '  have  been  constantly 
consulted. 

Medical  School  of  St.  Geohges  Hospital  : 
September  1866. 


NOTE  ON  THE  ATLANTIC  TELEGRAPH. 

Since  the  last  sheets  of  this  work  passed  through  the 
press,  not  only  has  the  laying  of  a  new  Atlantic  Cable  been 
successfully  accomplished,  but  the  cable  which  was  lost  last 
year  (see  p.  428)  has  been  recovered  and  landed  at  Heart's 
Content,  Newfoundland,  not  only  uninjured,  but  as  to 
'  conductivity,'  actually  improved  by  its  twelvemonths'  sub- 
mersion, a  fact  of  the  highest  importance  for  submarine 
telegraphy.  The  recovery  of  this  cable  is  a  great  engineer- 
ing feat,  and  reflects  the  highest  credit  on  the  accomplished 
engineers  who  superintended  it.  The  cable  of  this  year  is 
protected  by  iron  wires  slightly  galvanised,  and  surrounded 
by  Manilla  hemp.  In  strength  it  exceeds  the  cable  of  1865, 
its  breaking  strain  being  8  tons  2  cwts.,  that  of  last  year's 
cable  being  7  tons  15  cwts.  It  was  manufactured  without 
a  single  fault,  and  it  was  laid  without  a  single  hitch.  Since 
its-  submersion  its  'conductivity'  and  '  insulation '  have  im- 
proved to  an  extent  that  was  never  expected,  and  messages 
have  been  sent  through  it  at  the  rate  of  14  words  per 
minute  without  a  single  case  of  a  signal  having  to  be  re- 
peated. 
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<j)  Fundamental  Phenomena. —  FtfaflOKS  substances,  such 
ns  glow,  become  electrical  by  being1  rubbed  with  certain  other 
substances;  in  this  state  they  attract  light  bodies.  Mautmu 
gobetances,  such  as  sealing  wax  and  gutta-percha,  become  aleo 
:  icul  when  rubbed  with  certain  Other  substances;  in  this  state 
they  also  attract  iij^ht  substances, 

Bodies  which  have  been  once  attracted,  either  by  excited  glass 
or  excited  resin,  will  not  be  attracted  by  tbe  Baine  substances 
again,  until  they  have  touched  some  body  in  conducting  commu- 
nication with  the  earth,  but  will  be  repelled. 

A  body  which,  having  been  attracted  by  an  excited  vitreous 
til&ce,  is  then  repelled  by  it,  is  attracted  by  an  excited  remold 
substance  ;  BO  also  u  body  which  is  repelled  by  an  excited  resinous 
substance  is  attr.-iri.Ml  by  an  excited  vitreona  substance, 

Bodies  charged  with  the  same  kind  of  electricity  repel  each 
other,  and  bodies  charged  with  opposite  kinds  of  electricity  attract 
each  other. 

Some  substances  (ebonite,  silk,  gutta-percha,  glass)  possess 
within  certain  limits  the  power  of  tneulation;  that  is,  they  pre* 
vent  the  escape  of  electricity  through  them  to  the  earth. 
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Fig. 


Other  sub&Uuiees  (metals  especially)  have  no  such  power.  But 
no  substrate  i*  an  absolute  insulator  or  non-conductor  ;  neither  is 
there  an}'  substance  which  can  be  called  a  perfect  conductor  of 
electricity. 

For  illustrating  the  priinary  phenomena  of  electricity  the  only  materials 
required  are  a  tube  of  stout  glass  18  or  20  inches  long,  and  about  an  inch 
in  diameter;  a  stick  of  common  sealing  wax;  or,  still 
better,  an  tbonitt  pocket  comb  and  a  pair  of  pith-balls 
suspended  from  a  convenient  support  by  silk  threads. 
The  glass  tube,  dry  and  warm,  should  be  rubbed 
briskly  for  a  few  seconds  with  a  dry  warm  silk  hand- 
kerchief;  it  will  bo  then  found  to  hare  acquired  the 
properties  of  attracting,  and  then  repelling  the  pith- 
bulls.  The  wax  may  be  excited  by  rubbing  it  with 
a  piece  of  dry  warm  flannel. 

Fur  exhibiting  the  phenomena  of  attraction  and  re- 
pulsion  at  a  considerable  distance,  a  long  stick  bal~ 
miced  on  a  small  gl©l*e  of  glass,  placed  on  a  con- 
venient support,  will  be  found  very  useful.  A  pair  of 
pith-balls  suspended  by  thin  metallic  wires  or  black 
cotton  threads  should  also  be  provided,  to  show  the  impossibility  of  giving 
a  permanent  electrical  charge  to  the  pith-balls  when  uninsulated, 

The  mutual  attraction  of  oppositely  electrified  bodies,  and  the  mutual 
repulsion  of  bodies  similarly  electrified,  nre  welt  illustrated  by  suspending 
I  in  silk  threads  two  excited  slick*  of  MB  Hd  two  excited  tubes  uf 
glass.  On  bringing  thcrn  near  each  other,  the  wax  will  repel  the  wax  and 
the  glass  will  repel  the  glass,  but  a  glass  rod  and  a  wax  rod  will  manifest 
a  strong  mutual  attraction, 

(%)  Conductor*  and  Insulator*. — In  the  following  list  the 
bodies  are  arranged  in  their  order  of  conducting  power,  according 
to  the  present  state  of  knowledge  on  the  subject;  and  though 
probably  not  absolutely  correct,  it  will  serve  to  show  how  in- 
sensibly conductors  and  non-conductors  merge  into  each  other. 
Faraday  thinks  that  conduction  and  insulation  are  only  extreme 
degrees  of  one  common  condition ;  that  they  are  the  same  in 
principle  and  in  action,  except  that  in  conduction  an  eflect  common 
to  both  is  raised  to  the  highest  degree,  whereas  in  insulation  it 
QOOUXfl  iu  the  beat  cases  only  in  an  uliuost  insensible  quantity : — 

Lime 

Dry  chalk 

Native  carbonate  of  baryta 

Lycopodiura 

Caoutchouc 

Camphor 

Siliceous  and  argillaceous  stones 

Dry  marble 

Porcelaip 


All  the  metals 
Well-burnt  charcoal 
Plumbago 
Concentrated  acids 
Powdered  charcoal 
Dilute  acids 
Saline  solutions 
Metallic  ores 
Animal  rim. I. 
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Be*  -water 

Spring  water 

Rain  wilier 

Ice  above  1 30  F. 

Snow 

Living  vegetables 

Living  animals 

Flame  smoke 

Slearn 

Salts  soluble  in  water 

Rarefied  air 

Vapour  of  alcohol 

Vapour  of  ether 

Moist  earth  and  stones 

IV'iv.lered  gloss 

Flowers  of  sulphur 

Dry  metallic  oxides 

Oil*,  the  heaviest  the  best 

Ashes  of  vegetables 

Ashes  of  animal  substance 

SI  any  transparent  crystals 

llrv  ice  below  13°  F. 

Phosphorus 


Dry  vegetables 

Baked  wood 

Leather 

Parchment 

Dry  paper 

Hair 

Wool 

Dried  silk 

Bleached  silk 

Raw  silk 

Transparent  gems 

Diamond 

Mica 

All  vitrification* 

Glass 

Jet 

Wax 

Sulphur 

8mUh 

Amber 
Gutta-percha 
Shell  lac 
Ebonite 


{ 3  >  Opposite  Electricities. — We  have  seen  that  excited  resin 
and  excited  glass,  though  they  both  attract  light  substances, 
exhibit  each  a  different  kind  of  force.  Hence  the  term  resinous 
clii-iriiity  as  applied  to  the  former,  and  vitreous  electricity  as 
applied  to  the  latter.  These  terms  are,  however,  objectionable, 
implying,  as  they  do,  that  when  vitreous  bodies  are  excited  they 
are  always  electrified  "with  one  species  of  electricity,  and  that 
when  resinous  bodies  are  excited  they  are  always  electrified  with 
the  other.     But  this  is  by  no  means  tho  case ;  for  example — 

I.  When  a  glass  rod  is  rubbed  with  a  woollen  cloth,  it  repels  a  pith-ball 
which  it  had  once  attracted]  but  if  the  cloth  be  presented,  it  will  be  found 
to  attract  the  excited  ball.  We  hence  conclude  that  as  the  glass  was  vitreovilij 
electrified  the  woollen  cloth  must  bo  reriiumsiy  electrified. 

a.  When  a  stick  of  sealing  wax  is  rubbed  with  a  woollen  cloth,  it  repels  a 
pith-ball  which  it  had  once  attracte  1 ;  but  if  the  cloth  be  presented,  it  will 
be  found  to  attract  the  excited  ball.  Hence,  by  a  similar  reasoning,  we  are 
led  to  the  inference  that  the  cloth  is  vitreouslg  electrified. 

3.  When  a  piece  of  polished  glass  is  rubbed  first  with  a  woollen  cloth,  and 
then  with  the  fur  of  a  cat,  and  examined  after  each  excitation  by  a  pith-ball, 
it  is  found  in  the  first  case  vitrenia  and  in  the  second  ruinous.  A  woollen 
cloth  and  a  piece  of  glass  may  thus  be  made  to  exhibit  both  kinds  of  elec- 
tricity. 

The  terms  vitreous  and  resinous  do  not,  therefore,  convey  to  the 
mind  a  proper  impression  of  the  nature  of  the  two  forces,    Th.e> 

ri 
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terms  positive  and  negative  are  less  open  to  objection,  although 
they  take  their  origin  in  a  theory  of  electricity  -which  ie  not  now 
recognised  as  compatible  with  observed  phenomena.  Positive 
electricity,  then,  is  that  which  is  produced  upon  polished  glass 
when  rubbed  with  a  woollen  or  silk  cloth  ;  and  negative  electricity 
is  that  which  ib  produced  upon  a  stick  of  sealing  was:  when 
rubbed. 


( 4. 1  One  kind  of  Electricity  cannot  be  produced  without 
the  other— 

1.  If  two  persons  stand  on  two  stools  with  glass  legs,  and  one  strike  the 
other  two  or  three  times  with  a  well-dried  cat's  fur,  he  that  strikes  will  have 
his  body  charged  positively,  and  he  that  is  struck  will  be  electrified  negatively. 

t.  If  on  a  dry  day  a  person  stand  on  a  stool  with  dry  glass  legs  and 
connect  himself  electrically  with  a  gold-leaf  electroscope  (Fig.  4),  ami  if 
then  one  standing  on  the  floor  draw  a  comb  rapidly  through  the  hair  of  the 
other,  the  gold  leaves  will  diverge  with  positive  electricity.  If  the  person 
using  the  comb  stand  on  the  insulating  stool,  the  leaves  of  the  electroscope 
will  as  he  combs  diverge  with  negative  electricity. 

(5)  Blectroscoplc  Apparatus. — Instruments  for  indicating  the 
presence  and  kind  of  electricity  are  called  electroscopes ;  those  by 
which  the  electricity  is  under  various  conditions  measured  are 
called  electrometers. 

The  electroscope  of  Gilbert  and  II ally  consisted  of  a  light  metallic 
needle,  terminated  at  each  end  by  a  light  pith-ball  covered  with  gold  leaf, 
und  supported  horizontally  by  a  cap  at  ita  centre  on  a  fine  point;  the 
attractive  or  repulsive  action  of  any  electrified  body  presented  to  one  of  the 
balls  being  indicated  by  the  movements  of  the  needle, 

A  useful  modification  of  this  electroscope  is  shown  in  Pig.  2..  It  consists 
of  a  short  bent  brass  wire  abc,  to  either  end  of  which  is  fixed  a  reed,  so 

as   to   form    arms 

Fig  1. 
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of  unequal  length. 
The  longer  arm 
carries  at  its  ex- 
tremity a  disc  of 
gilt  paper  D,  about 
half  an  inch  in 
diameter  and  the 
shorter  arm  a  small 
metallic  ball,  R. 
The  whole  is  bal- 
anced on  a  finely 


pointed  wire,  supported  on  a  rod  of  varnished  glass.  The  arms  are 
elongated  or  contracted,  end  the  balance  thus  adjusted,  by  sliding  the 
reeds  upon  the  wire.  The  disc  »  is  electrified  either  positively  or  ne- 
gativelv,  and  the  body  the  nature  of  the  electricity  of  which  is  to  be 
examined  is  presented"  to  it.  If  wo  desire  merely  to  detect  the  presence  of 
Mctrfcity  by  its  attractive  force,  we  uninsulate  the  needle  by  hanging  a 
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metallic  wire  from  the  pointed  rvd  of  support.  And  then  present  the  excited 
substance  to  the  disc. 

Another  useful  form  of  electroscope  is  shown  in  Fig.  3.  The  gilt  disc  is 
attached  to  a  slender  stick  of  shell  lac,  which  is  suspended  from  a  wooden 
frame  by  a  fine  silk,  A  charge  of  electricity  communicated  to  the  disc 
will  he  retained  for  a  long  time  even  under  unfavourable  circumstances; 
this  simple  instrument  is  well  adapted,  therefore,  for  the  lecture-room. 

Fi*.j.  tig,*, 
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Singer's  modification  of  Bennett's  gold-leaf  electroscope  is  shown  in  Fig.  4. 
Two  slips  of  gold  leaf  arc  attached  to  a  brass  wire  (irmly  secured  In  the  centre 
of  ■  varnished  glass  tube  by  a  band  of  gutta  percba.  The  glass  tube  is  fixed 
in  the  cap  of  a  glass  jar,  and  to  the  upper  end  of  the  wire  a  brass  cap  a  is 
screwed.  The  mode  of  manipulation  with  this  instrument  will  be  described 
in  the  next  chapter. 

Fig,  $  represents  Sir  William  Snow  Harris's  electroscope.  A  smalt  elliptical 
ring  of  metal,  a,  is  attached  obliquely  to  a  small  brass  rod  by  means  of  a 
ifaort  tube  of  brass;  the  rod  terminates  in  a  brass  ball  b,  and  is  insulated 
through  the  substance  of  the  wood  ball,  n.  Two  arms  of  brass  r  r  are  lixed 
vertically  in  opposite  directions  on  the  extremities  of  the  long  diameter  of 
the  ring,  and  terminate  in  small  balls ;  and  in  the  direction  of  the  shorter 
diameter  within  the  ring  there  is  a  delicate  axis  set  ou  extremely  floe 
points:  this  axis  carries  by  means  of  short  vertical  pins  two  light  reeds  of 
straw  j  1.  terminating  in  balls  of  pith,  and  constituting  a  long  index  cor- 
responding in  length  to  the  fixed  balls  above  mentioned.  The  index  thus 
'.■  u tu instanced  is  susceptible  of  att  extremely  minute  force;  its  tendency  to 
a  vertical  position  is  regulated  by  small  sliders  of  straw,  moveable  with 
sufficient  friction  on  cither  side  of  the  axis. 

To  mark  the  angular  position  of  the  index  in  any  given  case,  there  is  a 
narrow  graduated  ring  of  card-board  or  ivory  placed  behind  It  The 
graduated  circle  is  supported  on  a  transverse  rod  of  glass  by  the  intervention 
of  wooden  caps,  and  is  sustained  by  means  of  the  brass  tube  d,  in  which  the 
glass  rod  is  fixed.  The  whole  is  insulated  on  a  long  rod  of  varnished  glass 
a,  by  means  of  wood  caps  terminating  in  spherical  ends.    In  this  arrange- 


merit,  as  is  evident,  tho  index  diverges  from  the  fixed  arms  whenever  im 
electrical  charge  is  communicated  to  the  ball  b,  as  shown  in  the  lower  figure. 

Tim  instrument  is  occasionally  placed  oat  of  the  vertical  position  at  any 
required  angle  by  means  of  a  joint  at  m,  and  ail  the  insulating  portions  are 
carefully  varnished  with  a  solution  of  shell  lac  in  alcohol. 

This  instrument  is,  to  a  certain  extent,  an  electrometer,  as  well  as  an  elec- 
troscope ;  but 
its  applications 
■s  a  measurer 
of  electricity 
are,  as  Harris 
observes,  very 
limited  i  for 
although  the  a- 
mount  of  diver- 
gence does  in- 
crease with  the 
quantity  of  elec- 
tricity in  opera- 
tion, we  are  lint 
able  to  ascertain 
the  ratio  uf  in- 
crease because 
of  the  diminish - 
M  of  re- 
pulsion as  ili«- 
divergence    tn- 

BreuMi 


The  torsion  balance  electrometer  of  Coulomb  is  shown  in  Fig.  6,  a  n  cd 
is  a  glass  Cylinder,  which  is  covered  with  a  plate  uf  glass,  a  it.  This  plate  is 
perforated  with  two  holes  e  and  a,  the  former  being  intended  to  receive  a 
tube  Of  glass  to,  two  feet  high,  carrying  on  its  upper  end  a  torsion  micro- 
meter, consisting  of  a  graduated  circle  m  s,  an  index  m,  and  a  pair  of  pincers 
opened  and  shut  by  a  ring,  for  holding  a  slender  silver  or  glass  wire  on, 
whose  lower  end  h  is  also  grasped  by  a  similar  pair  of  pincers  made  of 
copper,  and  about  a  line  in  diameter.     Through  a  hole  in  these  copper 
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pincers  there  passes  o  horizontal  needle  c  d.  This  needle  consists  of  a  silk 
(bread  or  a  straw  covered  with  sealing;  wax;  at  the  end  of  it,  at  d,  | 
eighteen  lines  Ions,  ••  a  cylinder  of  gum  lac.  It  is  terminated  at  c  by  « 
hull  of  pith  of  elder,  about  two  or  three  lines  in  diameter,  and  at  d  by  a 
vertical  vane  of  paper  covered  with  turpentine.  A  circular  bund  of  paper, 
UP.  divided  into  300°,  is  pasted  round  the  cylinder,  on  a  level  with  the 
needle,  and  at  the  hole  a  there  U  introduced  a  small  cylinder  0,0,  the  lower 
•lid  of  which,  made  of  gum  lac,  carries  another  bull  ft  of  elder  pith.  The 
instrument  is  adjusted,  when  a  Una  passing  through  the  course  of  the  silver 
wire  gh  at  p.  passes  also  through  the  curves  of  the  balls  oiind  c,  and 
ic>  the  curves  of  the  graduated  circl. 

in  this  instrument  the  force  of  electrical  repulsion  is  balanced  against  the 
ve  force  of  the  glass  or  silver  thread,  which  is  twisted  more  or  less 
from  its  quiescent  position,  In  using  it  a  charge  is  communicated  to  the 
ball  b,  which  is  then  brought  into  contact  with  the  ball  r ;  mutual  repulsion 
-  place  (Fig.  i),  and  the  needle  r  d  is  turned  through  a  certain  arc.  By 
turning,  however,  the  micrometer  button  in  the  direction  x  P,  the  wire  u,  h 
is  twisted  ami  HSBMd  to  return  to  its  lirst  position,  and  point  to  the  zero  of 
the  scale;  this  being  done,  it  is  evident  that  the  force  of  torsion  has  been 
made  to  balance  the  repulsive  force  of  the  two  balls  e, e,  and  that  by  com- 
paring the  force  of  torsion  which  balances  the  repulsive  force  at  different 
distances  of  the  balls,  measures  of  the  repulsive  forces  at  these  distances 
may  be  obtained. 

In  applying  this  instrument  to  the  determination  of  the  law  of  attractive 
force  between  two  oppositely  electrified  bodies,  a  slight  modification  is 
requisite  in  order  to  prevent  the  bulla  from  rushing  into  contact,  in  con- 
sequence of  the  attractive  force  increasing  in  a  greater  ratio  than  the  force 
of  torsion.  This  difficulty  is  provided  against  by  extending  a  thread  of 
tine  silk  vertically  between  the  top  and  bottom  of  the  case,  having  its  ends 
attached  to  them  by  wax,  and  allowing  the  fixed  ball  to  remain  in  contact 
with  it  at  the  commencement  of  the  experiment.  When  the  two  discs  are 
oppositely  electrified,  the  movable  disc  is  forced  from  the  fixed  disc  by 
turning  the  micrometer  in  a  direction  contrary  to  that  in  which  it  was  moved 
in  the  former  experiments. 

Faraday  employed  Coulomb's  balance  electrometer  in  his  researches  on 
induction!  ha  thinks  that,  though  it  requires  experience  to  he  understood, 
it  is  a  very  valuable  instrument  in  the  hands  of  those  who  will  take  pains 
by  practice  and  attention  to  learn  the  precautions  needful  in  its  use, 

(6)  Law  of  Electrical    Attraction    and  Repulsion, — Two 

<plii-res  charged  with  Biwilax  electricities  repel  each  other  with  a 
I'n-  iiiv.r-rv  proportional  to  the  fijimns  of  the  distances  batmen 
their  centres. 

This  law  was  established  by  Coulomb  with  bis  torsion  electrometer.  The 
following  was  one  of  bis  experiments : —  An  electrical  charge  was  com- 
municated to  b,  which  was  then  brought  into  contact  with  c;  the  latter  was 
repelled,  and  tinnlly  took  up  a  position  at  an  angle  of  36°  from  6.  The 
wire  o  n  had  therefore  become  twisted  through  an  angle  of  360.  The 
inter  button  was  now  turned,  till  the  distance  between  the  balls  wat 
diminished  to  180;  but  to  do  this,  the  index  m  required  to  be  moved  over 
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ii6°  of  the  graduated  circle  u s.  Now,  iz6°  added  to  i8°  (the  fonnej* 
torsion) =144°.  The  reactive  force  of  torsion  at  360  and  180  is,  therefore, 
36  and  144,  or,  in  other  words,  when  the  distance  is  diminished  one  half  the 
force  had  increased  four  timet. 

The  law  for  attraction  is  the  same,  the  energy  of  the  attractive 
force  being  diminished  in  the  same  proportion  as  the  square  of  the 
distance  between  the  electrified  bodies  is  increased. 

The  truth  of  Coulomb's  law  has  been  confirmed  by  Sir  William 
Snow  Harris,  to  whom  electrical  science  is  indebted  for  many 
beautiful  discoveries  and  important  practical  applications.  Sir 
William's  experiments  on  electrical  attraction  led  him  to  the 
following  results  :— 

1.  That  the  forces  between  two  spheres  will  be  inversely  at  the  distances 
between  their  nearest  points  multiplied  into  the  distance  between  their 
centres: 

a.  That  two  spheres  at  the  distances  of  a-*,  *•$,  1*8,  and  3*0  inches  exert 
the  same  force  as  two  circular  plates  at  the  distances  of  0-664,  I*II7>  l'49& 
and  1.732  inches  respectively  : 

3.  That  the  attractive  force  of  two  opposed  conductors  is  not  influenced  by 
the  form  or  disposition  of  the  unopposed  portions.  The  attractive  force,  for 
example,  is  the  same,  whether  the  opposed  bodies  are  mere  circular  planes 
or  planes  backed  by  hemispheres  or  cones.  Two  hemispheres  also  attract 
each  other  with  the  same  force  as  the  spheres  of  which  they  are  hemispheres : 

4.  The  force  between  two  opposed  bodies  is  directly  as  the  number  of 
attracting  points,  the  distance  being  the  same.  Thus  two  circular  planes  of 
unequal  diameter  do  not  attract  each  other  with  a  greater  force  than  that  of 
two  similar  areas  each  equal  to  the  lesser.  In  like  manner,  the  attractive 
force  between  a  ring  and  a  circular  area  of  the  same  diameter  is  equal  to  that 
exerted  between  two  similar  rings,  each  equal  to  the  former: 

5.  The  attractive  force  between  a  spherical  segment  and  an  opposed  plane 
of  the  same  curvature  is  equal  to  that  of  two  similar  segments  on  each  other. 

For  the  measurement  of  small  forces  of  repulsion,  Harris  em- 
ployed a  new  arrangement  of  the  balance  of  torsion,  which,  from 
the  peculiar  mechanical  principle  on  which  it  depends,  he  calls  the 
1  Bifiliar  Balance.'    (Phil.  Trans.  1836.) 

The  reactive  force  in  this  instrument  is  not  derived  from  any 
priuoiple  of  elasticity,  as  in  Coulomb's,  but  is  altogether  dependent 
on  gravity.  It  is  obtained  by  means  of  a  lever  at  the  extremity 
of  two  parallel  and  vertical  threads  of  unspun  silk,  suspended 
within  a  quarter  of  an  inch  of  each  other  from  a  fixed  point.  The 
threads  are  stretched  more  or  less  by  a  small  weight,  and  the 
repulsive  force  is  caused  to  operate  much  in  the  sam9  way  as  in 
Coulomb's  balance  of  torsion.  As  the  threads  tend  to  turn,  as  it 
were,  upon  each  other,  the  stretching  weight  becomes  raised  by  n 
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small  quantity,  and  thus  gravity  il  brought  to  react  against  the 
repulsive  force  in  operation.  The  delicacy  of  this  balmce  is 
extremely  great,  and  \s  said  to  render  sensible  a  force  of  y^J^th 
part  of  a  pr-tin. 

Sir  William's  experiments  on  the  relation  of  the  repulsive  force 
to  the  quantity  of  electricity  led  to  the  following  result : — 

1.  The  discs  being  charged"  equally,  and  lo  a  given  intensity,  the  force* 
Vary  in  an  invent  ratic  to  the  squares  of  the  respective  distances  ;  when,  llow- 
(•vit,  the  quantity  on  one  of  the  (Uses  is  diminished,  that  is,  when  they  are 
charged  unequally,  this  law  is  only  apparent  up  to  a.  certain  limit  :  MOW- 
times  at  certain  distances  the  law  is  in  an  inverse,  ratio  nf  the  w'm/ile  distance, 
or  nearly  approaching  it  ;  an<l  at  other  distances  the  law  of  the  force  becomes 
irregular,  until  at  last  the  repulsion  vanishes- altogether,  and  is  superseded 
by  attraction,  being  apparently  disturbed  by  some  foreign  influence. 

2.  The  quantities  of  electricity  contained  in  either  of  the  repelling  bodies 
are  not  always  proportional  to  the  repulsive  forces — a  result  which,  although 
anomalous  and  unsatisfactory,  Harris  believes  to  be  in  accordance  with  the 
general  laws  of  electrical  action  :  the  force  of  induction,  for  example,  not 
being  confined  to  a  charged  and  neutral  body,  but  operating  more  or  leas 
freely  between  bodies  similarly  charged,  it  is  evident  that  the  inductive 
process  between  bodies  similarly  charged  may  become  indefinitely  modified 
by  the  vurious  circumstances  of  quantity,  intensity,  distance,  &c,  giving  rise 
to  apparently  complicated  phenomena. 

According  to  Coulomb,  the  relative  electrical  capacities  of  a 
solid  or  hollow  sphere  and  a  circular  plate  of  equal  area  are 
as  two  to  one ;  and  in  expanding  a  globe  into  a  plane  circular 
area  of  the  Banie  superficial  extent  each  side  to  each  side  we 
double  its  capacity  by  giving  it  another  exterior  surface.  T 
the  quantity  of  electricity  may  therefore  now  be  placed  on  it 
under  the  same  intensity.  If  this  view  he  correct,  by  substituting 
fur  the  circular  plate  a  second  sphere,  whose  exterior  surface  is 
equal  to  the  two  aurfaees  of  the  plate,  the  result  would  be  the 
same  as  before  ;  but  Harris  found 

That  the  electrical  reactions  after  the  respective  contacts  with  the  plate  and 
sphere,  the  areas  of  which  were  equal,  instead  of  being  as  two  to  one,  as  they 
should  have  been  according  to  Coulomb's  theory,  were  nearly  the  same;  and 
in  me  he  concludes  that  the  result  arrived  at  by  Coulomb's  method  of 
experiment  may  be  classed  with  those  cases  ia  which  the  repulsive  force 
exercised  by  the  balance  is  not  proportionate  to  the  quantity  of  electricity. 

His  experiments  further  show— 

I.  That  the  capacity  of  a  sphere  is  the  same  as  that  of  a  circular  plane  of 
equal  area  into  which  it  may  be  supposed  to  be  expanded, 

a.  That  a  spherical  conductor  either  hollow  or  solid,  and  a  plate  of  equal 
area,  have  the  same  electrical  capacity. 

3.  That  the  quantity  of  electricity  taken  from  the  surface  of  a  cuax^eA. 
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body  by  a  small  insulated  disc  of  considerable  thickness  may  be  greatly 
influenced  by  the  position  of  the  point  of  application,  independently  of  the 
quantity  of  electricity;  so  that  the  same  quantity  may  possibly  exist  in  two 
different  points,  and  yet  the  proof  plane  become  charged  in  a  different  ratio, 
the  inductive  power  of  the  plate  being  different  in  these  points: 


CHAPTER  II. 

Induction  —  The  Electrophorus — Specific    Inductive   Capacity — 
Distribution — The  Condenser. 


(7)  Influence  of  Excited  Boole*  upon  Ventral  Conducting 
Bodies  at  a  Distance. — We  have  seen  that  absolute  contact  be- 
tween two  bodies  is  not  necessary  for  the  development  of  electrical 
phenomena.  An  excited  rod  of  glass,  or  of  sealing  wax,  causes 
a  suspended  pith-ball  to  move  from  its  vertical  position  when 
presented  to  it,  and  while  at  some  distance  ;  so  also  feathers  and 
other  light  substances  leap  towards  an  electrified  body  brought 
into  their  vicinity. 

This  influence  of  electrified  bodies  on  bodies  at  a  distance 
is  called  electrical  induction,  and  the  resulting  effect  induced 
electricity. 

There  is  scarcely  any  electric  phenomenon  in  which  inductive 
action  does  not  cpme  into  play.  '  All  charge,'  says  Faraday  {Ex. 
Research,  series  xi.  p.  1 1 78),  'is  sustained  by  it.  All  phenomena 
of  intensity  include  it.  All  excitation  is  dependent  on  it.  It 
appears  to  be  the  essential  function  both  in  the  first  development 
and  the  consequent  phenomena  of  electricity.' 


Fig.  7. 
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1.  Let  da  e  be  a  cylinder  of 
brass  supported  on  a  glass  stand, 
and  furnished  with  a  pith-ball  elec- 
troscope /.  Let  an  excited  glass 
tube  be  h-ld  at  a  distance  of  about 
six  inches  from  d;  the  pith -balls 
will  be  seen  to  diverge,  indi- 
cating the  presence  of  free  electri- 
city. Remove  the  glass  rod,  and 
the  pith -balls  will  fall  together, 
showing  that  they  are  no  longer 
electrified.  Again  advance  the 
glass  tube,  the  balls  will  again  di- 
verge, and  again  collapse  on  with- 
Vdrawing  the  tube,  .and  so  on. 
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2.  Let  A  be  an  insulated  cylindrical  conductor  five  or  nix  inches  long  and 
about  three  inches  in  diameter,  and  let  Anndc  be  two  thin  metallic  discs, each 
insulated  on  glass  rods,  and  of  such 

a  size  as  to  fit  accurately  the  ends  of      ^^|  Pig.  8. 

the  conductor,  so  that  when  in  their 
places  the  whole  system  may  repre- 
sent one  conducting  surface.  Now, 
having  given  a  large  metallic  ball  a 
charge  of  positive  electririiy,  suspend 
it  from  a  silk  thread,  about  three 
inches  from  the  disc  c  and  in  a  right 
line  with  the  cylinder  a.  Next  re- 
move the  disc  c.  by  its  insulating 
stand,  and  examine  its  electrical  con- 
ditions, it  will  be  found  to  be  inquire  ; 
remove  and  examine.  I',  it  will  be 
found  to  be  positive. 

3  Let  two  metallic  cylinders  Iic,de.  supported  upon  rods  of  varnished  glass, 
be  placed  with  iu  on  inch  or  more  of  each  other  in  a  right  line;  the  cylinderoc 

Fig.  9. 
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must  be  insulated,  but  the  end  e  of  the  cylinder  d  emay  be  connected  with 
the  earth  by  a  metallic  wire ;  let  feathers  or  Light  pith-balls  be  suspended  by 
linen  threads  from  6,  c,  ami  d;  on  bringing  an  ax- 

i  i>d    of  glass,  or  wax  d  within    three  or   four  Fig.  to. 

iuches  of  b  <■,  the  feather  or  ball  hanging  from  b  will 
bo  attracted,  and  at  the  same  time  those  suspended 
from  e  and  d  will  rush  together. 

4.  Let  r  and  Jt  be  two  hemispheres  of  wood, 
GAveied  with  tinfoil,  mounted  on  rods  of  var- 
nished glass,  and  standing  on  wooden  feet,  so  that 
the]  may  bu  placed  in  contact  with  each  other.  While 
thus  in  contact,  let  an  excited  rod  of  glass  be  brought 
near;  then  let  it  be  removed,  and  let  the  condition  of 
the  hemispheres  be  examined ;  neither  will  be  found 
la  have  received  any  eleetricnl  charge.  Let  the  ex- 
periment be  varied  by  separating  the  two  hemi- 
spheres while  under  the  influence  of  the  excited  elec- 
tric i  and  on  examining  them  it.  will  lie  found  that  ihey 

:ach  acquired  an  electrical  charge — one  jwinfrre, 
and  the  other  negative. 

5.  Arrange  a  long  insulated  cylindrical  conductor,  with  one  ftsArarAVj  \ 
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about  a  quarter  of  an  inch  from  *  jet  from  which  a  gentle  stream  of  gas  is 
escaping;  let  a  well-excited  gloaa  rod  be  suddenly  brought  near  the  Other 
end,  the  gas  will  seldom  fail  to  become  inflamed.  While  the  excited  tube 
is  still  in  the  immediate  vicinity  of  the  conductor,  let  the  flame  be  extin- 
guished; then  let  the  excited  tube  be  suddenly  withdrawn,  and  the  gas  wOl 
generally  be  reinrlamed. 

6.  Let  «/  be  two  insulated  metallic  spheres,  and  u  a  an  insulated  metallic 
conductor;  suppose  *  to   be  strongly  charged    with  potitive,   and  i'  with 

pjg_  ||  negative  electricity.      If 

the  electrical  condition 
of  a  a  be  examine.!,  it 
will  be  found  that  the 
only  part  which  ia  free 
from  electricity  is  the 
centre  o,  that  half  ex- 
tending from  o  to  a 
is  elcctriln-l  muativcly, 
and  that  half  extending 
from  o  too  ponttrJ-/. 
The  intensities  of  the 
opposite  electricities  at 
i lie  extremities  will  be 
found  to  be  equal,  and  at  any  point  equally  distant  from  the  centre,  as  p  p, 
the  depths  of  the  electric  fluid  will  be  equal,  and  the  electric  state  of  each 
half  may  be  correctly  represented  by  the  ordinates/»  m,  p  m  of  two  branches 
of  a  curve  which  are  precisely  similar  and  equal. 

7.  Whilst  the  conductor  dac  (Fig,  7)  ia  under  the  influence  of  the 
excited  glass,  and  the  pith. balls  divergent,  let  it  be  touched  with  the  finger; 
the  pith-balls  will  instantly  collapse.  Let  the  finger  be  removed,  and  then  let 
the  glass  tube  be  suddenly  withdrawn,  the  pith-baits  will  again  open,  and 
will  remain  divergent.  On  examining  the  nature  of  the  electricity  with 
which  they  are  charged,  it  will  be  fuund  to  be  negative. 

8.  Hold  an  excited  tube  of  glass  at  some  distance  above  the  cap  of  the 
gold-leaf  electroscope  (Fig.  4),  the  leaves  will  open,  having  received  by 
induction  a  charge  of  positive  electricity ;  remove  the  tube  and  the  leaves  will 
collapse.  Again  advance  the  excited  glass,  and.  whilst  the  leaves  of  the 
electroscope  are  open,  touch  the  cap  of  the  instrument  with  the  finger,  and 
then  quickly  withdraw  the  glass  tube;  the  gold  leaves  will  now  be  found 
charged  with  negative  electricity.  Conversely,  if  an  excited  stick  of  wax 
be  used  instead  of  the  tube  of  glass,  and  the  same  manipulations  performed, 
the  leaves  will  be  found  to  be  charged  with  potitive  electricity,  which  charge, 
if  the  instrument  be  dry  and  warm,  may  be  maintained  tor  several  hours. 

From  these  experiments  we  learn — 

I.  That  the  electrical  disturbance  of  a  neutral  conductor  by  the  proxi- 
mity of  an  electrified  body  is  of  a  temporary  nature  only,  all  signs  of 
excitement  disappearing  immediately  the  electrified  or  inducing  body  is 
removed. 

1.  That  this  electrical  disturbance  consists  in  the  temporary  decomposition 
of  the  natural  electricity  of  the  conductor  in  such  a  manner  that  the 
electricity  of  the  contrary  name  to  that  of  the  inducing  body  is  drawn 
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towards  that  end  of  the  conductor  nearest  the  inducing  body ;  while  the 
electricity  of  the  same  name  is  driven  to  the  opposite  end. 

3.  That  by  making  the  conductor  of  two  or  more  parts  each  insulated  ami 
moveable,  the  opposite  electric  ties  thus  accumulated  on  the  ends  of  the 
conductor  may  by  management  be  retained  after  the  removal  of  the  inducing 
body. 

<§)  The  ■lectrophoriM.—  This  very  useful  instrument  is 
founded  on  the  principles  of  induction.  It  consists  of  three  part* — 
j.  A  cake  of  resinous  matter,  composed  of  shell  lac,  Venice  tur- 
pentine, and  resin  ;  1.  A  conducting  plate  or  sole,  which  is  merely 
I  metallic  dish  into  which  the  milted  resinous  composition  19 
poured;  3.  A  cover  of  metal,  or  of  wood  covered  with  tinfoil, 
nrovided  with  a  varnished  glass  handle.  Fig.  iz  represents  a 
modification  of  the  instrument  by  Mr.  Phillips,  a  strip  of  tinfoil, 
A,  being  pasted  across  the  surface  of  tbe  resinous  plate  and  united 
at  each  end  with  the  metallic  sole:  or  preferably,  brass  wires,  ccc, 
being  inserted  from  the  sole  through  the  resin,  the  tups  being  level 
with  the  surface. 

Let  tbe  surface  of  the  resinous  cake  be  well  excited  by  holding  it  by  its 
*»/e  in  a  slanting  direction,  and  ply,  n. 

striking  it  briskly  several  times 
niili  a  piece  of  dry  warm  fur  or 
flannel,  or  wit  li  a  warm  silk  hand- 
kerchief; let  it  now  bo  laid  on  the 
table  and  the  cover  placed  upon 
JL  If  the  latter  be  now  removed 
by  its  handle,  it  may  possibly  be 
found  to  have  acquired  a  feeble 
charge  of  negative  electricity,  but 
it  will  require  a  delicate  el. 
■cope  to  detect  it-  Let  it  bo 
replaced  on  the  resin,  touched 
with  the  finger,  and  then  raised; 
it  will  now  be  found  to  be  strongly 
charged  with  positive  electricity,  and  a  spark  will  pass  between  it  and  a 
•  tor  brought  sufficiently  near. 

The  eleetrophorus  which  was  invented    by  Volta  is  of  great 

in  the  electrician,  as  affording  a  ready  supply  of  statical 

electricity,     When  once  charged,    the  resinous   cake    retains  its 

electricity  For  ft  long  time,  as  it  acta  solely  by  its  inductive  influence 

on  the  natural  electricity  of  the  cover. 

When  the  metallic  plate  is  placed  on  the  excited  resin,  i ; 

,!ition  is  that  of  a  conductor  under  the  influence  of  an  electrified 

body,  its  lower  surface  becoming  positive  and  its  upper  surface 

bj   induction.     When  it  is   removed  from    the   resin   the 

sepaTtitid  ,1-. -trie i ties  re-unite;  hut  when  the  plate  is  uninsulated 
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while  in  contact  with  the  resin,  the  repelled  negative  electricity 
is  neutralised  by  a  corresponding  quantity  of  positive  electricity 
from  the  earth,  and  the  cover  become*  charged,  with  positive 
electricity,  which  cannot  he  compensated  with  a  corresponding 
quantity  of  negative  electricity  from  the  resin,  because  of  the 
ui  m -conducting  power  of  the  latter. 

The  negative  electricity  of  the  upper  surface  of  the  resin  acts 
inductively  on  the  natural  electricity  of  the  lower  surface,  at- 
tracting the  positive  and  repelling  the  negative ;  the  latter  escapes 
or  becomes  neutralised  through  the  medium  of  the  conducting 
sole ;  the  positive  electricity  cannot  escape,  being  bound  by  the 
negative  electricity  of  the  upper  surface.  Thus  it  is  that  the 
charge  on  the  resin  is  retained.  * 

The  electrophorus  is  not  only  an  exceedingly  convenient  source 
of  electricity,  hut  it  serves  admirably  to  illustrate  the  operation 
and  principle  of  induction. 

(9)  Faraday's  Theory  of  Induction. — It  washy  an  apparatus 
constructed  on  the  principles  of  the  electrophorus  that  Faraday 
demonstrated  the  important  electrical  fact  that  induction  is  essen- 
tially a  physical  action,  ucfiirri/ii/  between  contiijiwtis  particles.  He 
considers  that  the  electric  force  originating  or  appearing  at  a  cer- 
tain place  is  propagated  to,  and  sustained  at,  a  distance,  through 
the  intervention  of  the  intervening  particles  of  air,  each  of  which 
becomes  polarized,  as  in  the  case  of  insulated  conducting  masses, 

Suppose  p  In  be  a  positively  charged  body,  and  s  p  a  previously  neutral 
body  at  a  distance,  the  action  at  p  is  transferred  to  h  p  through  the  medium 
of  intervening  molecules,  each  of  which  becomes  electro -polar,  or  disposed  in 
Kg.  1  j. 

^3      3      3       3      3       G/^ 

m    >     »     >    3    3     1 

wO       3       3       3       3       3^ 

an  alternate  aeries  of  positive  and  negative  poles,  as  indicated  by  the  series 
of  black  and  while  hemispheres. 

Again,  let  three  insulated  metallic  spheres  a,  b,  c,  be  placed  in  a  Eine,  but 
hot  in  contact.   Let  A  be  electrified  positively,  and  theu  c  uninsulated.    Under 

Fig.  14. 
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these  circumstances  a  will  acquire  the  negative  state  at  the  surface  towards 
a  and  the  positive  state  ut  the  surface  furthest  from  it,  andc  will  be  charged 
negatively.  The  ball  n  will  be  in  what  is  called  a  polarized  condition  ;  that 
is,  itieoppusile  parts  will  exhibit  the  apposite  electrical  states;  a  and  c  will 


larized  slate,  for  they  wit!  be,  us  it  is  said,  charged  the  tm 
'ly  and  the  other  negatively. 

This  theory  of  induction  does  not,  however,  rely  oa  the  polari- 
zjitirui  of  matter  in  the  ordinary  acceptation  of   that  term.     It 

proposes  rather  to  deal  with  th-  pi.'im-n  or  forces  which,  in  the 

generally  received  view  of  the  atomic  constitution  of  mutter,  are 

associated  with  the  material  atom,  giving  to  it  its  characteristic 

:  a  and  properties.     Faraday  adopts  the  theory  of  Boscovith, 

according  to  which    atoms  art*  mere  centres  of  forces  or  powi  rs, 

not  particles  of  matter  in  which  the  powers  themselves  reside. 

In  their  quiescent  state,  these  centres  of  force  are  not  arranged  in 

a  polarized  fnrni,  but  they  become  so  under  the  influence  of  con- 

tguous  and  charged  particles.    When  this  forced  or  polar  condition 

idily  assumed,  it  is  readily  destroyed,  and  cmdudivn  is  the 

it.     When   the  contiguous  particles  communicate  their  forces 

ieai  readily,  HHitfoft'on,  more  or  less  perfect,  is  the  consequence, 

nnd  the  aetiou  of  a  charged  body  on  insulating  matter  is  indurtion. 

(to)  Relation  of  Induction  to  tbe  matter  through  which 

it  is  exerted. — AH  insulating  bodies  do  not  possess  in  the  same 

>     the  power    of   transmitting  the  electric   influence.       The 

relative    facility  with  which  they  do  so,   as  compared  with  a 

Common  standard,  is  termed  by  Faraday   their  apmifle  inihwtivt' 

I.  Let  a  small  electrical  charge  be  communicates!  to  a  metallic  disc,  and 
lei  il  be  suspended  by  a  silk  thread,  an  inch  or  bo  above  the  cap  of  the  gold- 
leaf  electroscope,  the  leaves  of  the  instrument  will  immediately  diverge  to  a 
certain  extent  by  induction.  Now,  let  a  plate  of  shell  lac  about  an  inch  in 
thickness,  and  mounted  on  an  insulating  handle,  be  inserted  between  the 
tW'trified  disc  and  the  cap  of  the  electroscope,  the  divergence  of  the  gold 
leaves  will  immediately  increase,  because  induction  takes  place  more  freely 
through  shell  lac  than  through  air. 

x.  Let  three  equal  disi-s  of  brass  be  arranged  parallel,  and  at  equal  dis- 
tances from  each  other:  the  two  exterior  must  be  in  communication  with 
the  ground;  the  third,  which  is  between  them,  must  be  insulated.  Let  a 
single  gold  leaf  be  suspended  exactly  equidistant  between  two  brass  balls, 
each  of  which  communicates  separately  with  one  of  the  exterior  discs.  Let 
a  small  electrical  charge  be  communicated  to  the  middle  disc,  and  then  let 
ommnnicatlon  between  the  two  exterior  discs  atid  that  ground  be  cut 
off.  Under  these  circumstances,  the  gold  leaf  will  remain  at  rest,  being 
equal! v  attracted  by  each  of  the  balls;  and  the  insulating  stratum  separat- 
ing tbe  three  discs  is  the  same,  via.— air.  Now  let  a  stratum  of  some  other 
insulating  substance,  such  as  Inc.  sulphur,  or  glau,  be  interposed  between  two 
of  the  di*c$,  tbe  gold  leaf  will  immediately  diverge,  showing  that  the  in- 
ducing action  of  the  electrified  body  upon  the  disc,  from  which  it  is  separated 
by  the  new  insulating  body,  has  become  greater  than  before. 

The  apparatus  employed  by  Faraday  in  investigating  the  qqflstion  of 
specific  conducting  powers  was  a  kind  of  Leyden  phial;  it  is  shown  in 
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section  in    Fig.  15;   a  a  nre  the  two  halves  of  a   lirivs   sphere  with  nn 
air-tight  joint  at  L.  c  ig  a  connecting  piece,  by  which  the  Apparatus  is  joined 
to  a  good  atop-coek  d,  which  is  itself  attached  either  to  the  metallic   foot 
Pig  It<  e,  or  loan  air-pump;  q  is  a  brass  collar,  fitted  to  the 

upper  hemisphere,  through  whk-h  the  shell  lac  sup- 
port of  the  inner  brass  bat)  It  passes.  This  ball  is 
screwed  on  to  the  brass  stem  t,  terminating  above  by 
the  brans  ball  u;  II  is  a  inns*  of  shell  lac  moulded 
carefully  on  to  »',  and  serving  buth  to  support  and 
insulate  it  and  its  balls  h  n. 

The  shell  lac  stem  /  is  fitted  into  the  socket  g 
by  a  little  cement  more  fusible  than  shell  lac,  applied 
at  m,  to,  in  such  a  way  as  to  give  sufficient  Mrentjth 
and  render  the  apparatus  air-tight  there,  yet  leave 
ns  much  as  possible  of  the  lower  part  of  the  sh^j 
lac  stem  untouched  as  an  insulation  between  the  hm 
h,  and  lite  surrounding  sphere  a  a ;  the  bnll  h  has  a 
small  aperture  at  n,  so  that  « lien  the  apparatus  is 
exhausted  of  one  gas,  and  filled  with  another,  tin: 
ball  h  may  also  he  exhausted  and  filled,  that  no 
variation  of  the  gas  in  the  interval  o  may  occur 
during  the  course  of  an  experiment. 

Two  of  these    instruments,  precisely    similar  in 

even.-   respect,  were  constructed,  and    the   method 

of  experimenting  was  (different  insulating   media 

being  within)  to  charge  one  with  a  Leyden  phial; 

then,  after  dividing  the.  charge  with  the  other,  to 

observe  what  the  ultimate  conditions  of  each  were, 

the  intensity  of  the  charge  being  measured  bv  a 

carrier  ball  and  Coulomb's  elect rumcter. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

rind  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  the  Indies  named  : — 

Specific  Induction. 

Glass  ....  1-90 
Sulphur  .  .  .  1  "93 
Shell  lac        .        .        .    195 

All  gases  have  the  same  inductive  capacity,  independent  of  temperature 

and  pressure. 

(11)  Electricity  reside*  on  the  surface  of  electrified 
bodies. — When  a  body  receives  a  charge  of  eltitiicitv,  the  charge 
does  not,  as  in  the  case  of  heat,  diffuse  itself  throughout  the  whole 
of  its  substance,  but  is  confined  entirely  to  its  surface ;  from  this 
it  follows  that  a  metallic  ball  may  be  equally  electrified  whether  it 
be  aolid  or  hollow;  and  that  if  it  be  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  is 
composed  be  thick  or  thin. 

1 .  Let  a  b  be  an  insulated  cylinder,  moveable  round  a  horizontal  axis. 


Air 

100 

Kesin     . 

•     '77 

Pitch     . 

.     1S0 

Been'- wax     . 

.     186 
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which  may  be  turned  by  I  he  glass  handle,  h.  Round  tin*  cylinder  let  a  metallic 
riL-bun,  c  l>,  be  wound.,  and  let  a  silk  cord,  9,  be  Attached  to  (lie  end  of  it. 
Let  s  pith-ball  electroscope,  e,  be  fixed  on  the  metallic  frame  of  the  apparatus. 
The  ribbon  being  electrified,  the  pith-balls  diverge:  let  it  now  be  unrolled 
by  pulling  the  silk  cord  ;  the  balls  will  gradually  collapse,  indicating  a 
diminuiion  of  the  electrical  chnrgc;  and  if  tbe  ribbon  be  sufficiently  long, 
compared  with  fhe  electrical  charge  given  to  the  apparatus,  they  will  fall 
almost  entirely  together,  but  will  again  diverge  on  re-rdliug  the  ribbon  on 
the  cylinder. 

Fig.  |7, 


Fig.  t6. 


a.  Let  a  metallic  cup  be  placed  on  a  varnished  glass  support,  and  let  a 
metallic  chain,  terminated  by  a  silk  thread,  be  coiled  up  and  placed  in  its 
Interior.  Let  the  cup  be  electrified;  upon  which  the  pith-balls,  hung  from  a 
metallic  wire  attached  to  the  can,  will  diverge  to  a  certain  extent,  Now  let 
the  chain  be  drawn  gradually  out  of  the  can  by  the  silk  thread;  the  diver- 
gence of  the  balls  will  lessen,  and  finally  will  become  scarcely  perceptible.  On 
now  again  dropping  the  chain  gradually  into  the  can,  the  balls  will  again 
begin  to  diverge,  and  the  divergence  will  increase  till  the  whole  of  the  chain 
hi  been  returned,  when  it  will  be  nearly  us  great  as  at  first. 

Place  a  cylinder  of  wire  gauze  on  an  insulating  stand,  and  communicate 


small  charge  of  electricity  to  its  inner 

C 


surface.    Try  now  to  rertfove  a 
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section  in    Fig.  1 5 ;   a  a   are  tlie  two  halve*  of  a    bra«»    sphere  with  an 
air-tight  joint  at  b ;  c  is  a  connecting  piece,  by  which  Liu  apparatus  is  joined 
lo  a  good  stop. cock  d,  which  is  itself  attached  either  to  the  metallic    foot 
pi,,  IC  t,  or  toan  air-pump  i  rj  is  a  bras.*  Collar,  litied  to  the 

apper  hemisphere,  through  which  the  -shell  l«c  sup- 
port of  the  inner  brass  ball  A  passes.  This  ball  is 
screwed  on  to  the  brass  stem  i,  terminating  above  by 
the  brass  ball  p;  */  isa  mass  of  shell  lac  moulded 
carefully  on  lo  i,  and  serving  buth  lo  support  and 
insulate  it  and  its  balls  h  n. 

The  shell  lac  stem  /  is  fitted  into  the  socket  17 
bya  little  cement  more  fusible  than  shell  lac,api< 
at  m.  m,  in  such  a  way  as  to  give  sufficient  UtTttlgth 
and  render  the  apparatus  air-tight  there,  yet  leave 
"""^V  as  much  as  possible  of  the  lower  part  of  the  shall 

lac  stem  untouched  as  an  insulation  between  the  b,ffl 
ti,  and  the  surrounding  sphere  a  a-,  the  ball  h  has  a 
small  nperlure  at  n,  so  that  when  the  apparatus  is 
-ill  of  one  gas,  and  filled  with  another,  the 
ball  A  may  also  be  exhausted  ami  till*  1,  thai  no 
variation  of  the  gas  in  the  interval  o  may  occur 
during  the  course  of  an  experiment. 

Two  Of  these     instrument*,  precisely    similar  in 

every    respect,  were  constructed,  and     the    methvd 

of  experimenting  was  (different  insulating  media 

being  within)  to  charge  one  with  a  Leyden  phial; 

then,  after  dividing  the  charge  with  the  other,  in 

observe  what  the  ultimate  conditions  of  each  were, 

the   intensity  of  the  charge  being  measured  by  a 

carrier  hall  and  Coulomb's  elect rometer. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

.ind  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  the  bodies  named : — 

Specific   Induction. 


I 


Air        .        . 

.     100 

Glass     , 

.     1-90 

Bada    . 

•     177 

Sulphur 

•        •     i"93 

Pitch    . 

.     r8o 

Shell  lac       . 

195 

Hees'-wax 

.     186 

All  gases  hare  the  same  inductive  capacity,  independent  of  temperature- 

and  pressure. 

fii)  Electricity  resides  on  the  Surface  of  electrified 
bodies. — When  a  body  receives  a  charge  of  electricity,  the  charge 
does  not,  as  in  the  case  of  heat,  diffuse  itself  throughout  the  whole 
1  if  i  to  substance,  but  is  confined  entirely  to  its  surface ;  from  this 
it  follows  that  a  metallic  ball  may  be  equally  electrified  whether  it 
he  solid  or  hollow  j  and  that  if  it  lie  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  is 
comnojeu1  be  thick  or  thin. 

I .  Let  A  is  be  an  insulated  cylinder,  moveable  round  a  horizontal  axis. 
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which  may  be  tnrned  by  (he  glass  handle,  H.  Hound  this  cylinder  let  a  metallic 
ribbon,  c  i»,  be  wound,  and  let  a  silk  cord,  f,  be  attached  to  the  end  of  it. 
Let  a  pith-ball  electroscope,  e,  be  fixed  on  lha  metallic  frame  of  the  apparatus. 
The  ribbon  being  electrified,  the  pith-balls  diverge:  let  it  now  be  unrolled 
by  [lulling  the  silk  cordj  the  bulls  will  gradually  collapse,  indicating  a 
diminution  of  the  electrical  charge;  and  if  the  ribbon  be  sufficiently  lung, 
compared  with  tlie  decimal  Charge  given  to  the  apparatus,  they  will  fall 
almost  entirely  together,  but  will  again  diverge  on  re-rolling  the  ribbon  on 
the  cylinder. 

Fig.  17. 


Fig.  16. 


a.  Let  a  metallic  cup  be  placed  on  a  varnished  glass  support,  ind  let  a 
metallic  chain,  terminated  by  a  silk  thread,  be  coiled  up  and  placed  in  its 
interior.  Let  the  cup  be  electrified;  upon  which  the  pith-balls,  hung  from  a 
metallic  wire  attached  to  the  can,  will  diverge  to  n  certain  extent.  Now  let 
the  chain  be  drawn  gradually  out  of  the  can  by  the  silk  thread;  the  diver- 
gence of  the  balls  will  lea-sen,  and  finally  will  become  scarcely  perceptible.  Qn 
now  agjin  dropping  the  chain  gradually  into  the  can,  the  balls  will  again 
begin  to  diverge,  and  the  divergence  will  increase  till  the  whole  of  the  chain 
has  been  returned,  when  it  will  be  nearly  as  great  as  at  lir.it. 

3.  Place  a  cylinder  of  wire  gauze  on  an  insulating  stand,  and  communicate 
email  charge  of  electricity  to  its  inner  surface.    Try  now  tu  remove  a 
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wction  in    Fig.  15:  a  a  nre  the  two  halves  of  a    br.i«s   sphere  with  an 

nir-tigUi  joint  at  b;  r  is  a  conncrLing  piece,  by  which  the  aoparjitus  is  joined 

to  a  good  stop-cock  d,  Whieh  is  itself  attached  either  to  the  metallic   foot 

Flir-  lti  *,  or  to  an  air-pump;  7  is  11  braa* collar,  fitted  to  the 

upper  hemisphere,  through  which  the  shell  In 

port  of  the  inner  brass  ball  h  passes.     This  ball  ia 

screwed  on  to  the.  brass  stem  !,  terminating  above  by 

the  brass  hull  n;  II  is  a  mass  of  shell  lac  moulded 

carefully  on  to  1,  and  serving  both  to  support  and 

insulate  it  and  its  hallr  A  b. 

The  shell  lac  stem  I  is  titled  into  the  socket  g 
by  a  little  cement  more  fusible  than  shell  lac,  applied 
at  wi,  m,  in  such  a  way  as  to  give  sufficient  strength 
and  render  the  apparatus  air-tight  there,  yet  leave 
ft  ^^  ^^v  as  much  as  possible  of  the  lower  part  of  the  shall 

lac  stem  untouched  as  an  insulation  between  the  barl 
h,  and  the  surrounding  sphere  a  a;  the  ball  h  hasia 
small  aperture  at  n,  so  that  when  the  apparatus  is 
exhausted  of  one  gas,  and  filled  with  another,  the 
ball  h  may  also  be  exhausted  and  tilled,  that  no 
variation  of  the  gas  in  the  interval  o  may  occur 
during  the  course  of  an  experiment. 

Two  of  these     instruments,  precisely    similar  in 

every   respect,  were  constructed,  and    the   method 

of  experimenting  was  (different  insulating   media 

being  within)  to  charge  one  with  a  Ley  den  phial; 

then,  after  dividing  the  charge  with  the  other,  to 

observe  what  the  ultimate  conditions  of  each  were, 

the  intensity  of  the  charge  being  measured  by  a 

carrier  ball  and  Coulomb's  electrometer. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

and  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  the  bodiea  named : — 

Specific   Induction. 

Air 

Resin  . 
Pitch  . 
Beca'-wax     . 

All  gases  have  the  same  inductive  capacity,  independent  of  temperature 
and  pressure. 

(11)  Electricity  resides  on  the  surface  of  electrified 
bodiea.— When  a  body  receives  a  charge  of  electricity,  the  charge 
does  not,  as  in  the  case  of  bent,  diffuse  itself  throughout  the  whole 
of  its  substance,  but  is  confined  entirely  to  its  surface ;  from  this 
it  follows  that  a  metallic  ball  may  be  equally  electrified  whether  it 
be  solid  or  hollow ;  and  that  if  it  be  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  is 
-ed  be  thick  or  thin. 

1.  Let   au  be  an  insulated  cylinder,  moveable  round  a  horizontal  axis, 


4 


I  00 

Glan    . 

.     1  go 

177 

Sulphur 

•    i"93 

I  80 

Shell  lac 

•    105 

186 
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wliiih  may  Ik  turned  by  Hie  j^Ihss  handle,  n.  Round  this  cylinder  let  a  metallic 
ribbon,  c  i\  be  wound,  and  let  a  silk  cord,  v,  be  attached  to  the  end  of  it. 
1-et  a  pith-ball  electroscope,  e,  be  fixed  on  the  metallic  frame  of  the  apparatus. 
The  ribbon  being  electrified,  the  pith-baits  diverge:  let  it  now  be  unrolled 
by  pulling  the  silk  cord;  the  bulla  will  gradually  collapse,  indicating  a 
diminution  of  the  electrical  charge;  and  if  the  ribbon  be  sufficiently  long, 
pored  with  (lie  electrical  charge  given  to  the  Apparatus,  they  will  fall 
almost  entirely  together,  but  will  again  diverge  on  re-rolling  the  ribbon  on 
ie  cylinder. 

Fig.  17. 


Fig.  16. 


m.  Let  a  metallic  cup  be  placed  on  a  varnished  glass  support,  and  let  a 
metallic  chain,  terminated  by  a  sills  thread,  be  coiled  up  and  placed  in  its 
Interior.  Let  the  cup  be  electrified ;  upon  which  the  pith-balls,  hung  from  a 
metallic  wire  attached  to  the  can,  will  diverge  to  a  certain  extent.  Now  let 
hain  be  drown  gradually  out  of  the  can  by  the  silk  thread  ;  the  diver- 
gence of  the  balls  will  lessen,  and  finally  will  become  scarcely  perceptible.  Gn. 
now  again  dropping  the  chain  gradually  into  the  can,  the  balls  will  again 
begin  to  diverge,  and  the  divergence  will  increase  till  the  whole  of  the  chain 
has  been  returned,  when  it  will  be  nearly  as  groat  as  at  first. 

3.  Place  a  cylinder  of  wire  gauze  on  an  insulating  stand,  and  communicate 
small  charge  of  electricity  to  its  timet  surface.    Try  now  to  remove  a 
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portion  of  this  charge  for  testing,  by  touching  the  inner  surface  with  a  proof- 
plane  (which  is  merely  a  disc  of  gilt  pasteboard  attached  to  a  stick  of  shell  lac), 
the  electroscope  will  show  no  signs  of  electricity :  then  touch  the  outtidt  of 
the  gauze  with  the  proof-plane,  and  abundant  evidence  of  electricity  will  be 
obtained. 

4.  A  conical  muslin  bag,  stiff  enough  to  preserve  its  form,  is  attached  to  a 
metallic  hoop,  insulated,  on  a  Tarnished  glass  rod,  and  placed  in  a  horizontal 

position  as  shown  in  Fig.  18;  a. 


Fig.  18 


>*o* 


charge  of  electricity  is  conveyed 
to  the  interior  of  the  bag  f  as  in 
the  last  experiment,  the  whole  is 
found  arranged  on  the  outside  of 
the  cone:  the  cone  ia  now  drawn 
inside  out  by  means  of  a  silk 
thread,  so  that  the  surface  of  the 
muslin,  which  before  formed  the 
inner,  now  forms  the  outer  super- 
ficies. On  applying  the  proof- 
plane,,  it  is  found  that  the  charge 
has  passed  from  one  surface  of  the 
muslin  to  the  other,  in  order  still 
to  be  on  the  outside. 


Faraday  constructed  a  light  wooden  chamber  of  12  feet  cube, 
which  he  bound  round  with  copper  wire  80  as  to  make  the  sides  a 
large  network ;  all  was  then  covered  with  paper,  placed  in  close 
connection  with  the  wires,  and  supplied  in  every  direction  with 
bands  of  tin  foil,  that  the  whole  might  be  brought  into  good  metallic 
communication,  and  rendered  a  free  conductor  in  every  part.  Fara- 
day entered  thia  chamber,  which  was  insulated  and  put  into  com- 
munication with  a  powerful  electric  machine  j  he  used  lighted 
candles,  delicate  electroscopes,  and  other  testa  of  electricity,  hut 
could  find  none  within  the  cube,  though  all  the  time  large  sparks 
and  brushes  were  darting  off  from  every  part  of  the  outer  surface. 

*  The  conclusion,'  says  Faraday, '  that  I  have  come  to  is,  that  non-conductors, 
as  well  as  conductors,  have  never  yet  had  an  absolute  and  independent  charge 
of  one  electricity  communicated  to  them  ;  and  that,  to  all  appearance,  such 
a  state  of  matter  is  impossible.'    (£>.  Research,  series  xi.  1 173-4.) 

(1  z)  Distribution  of  Electricity  on  the  surfaces  of  Electri- 
fied Bodies. — Although  electricity  is  confined  to  the  surfaces  of 
bodies,  ita  intensity  is  not  on  every  part  the  same,,  except  in  the 
case  of  a  sphere,  on  which  the  symmetry  of  the  figure  renders  the 
uniform  distribution  of  the  electricity  inevitable.  If  the  body  be 
an  oblong  spheroid,  the  intensity  is  great  at  the  poles,  but  feeble  at 
the  equator.  If  the  body  be  of  a  cylindric  or  prismatic  form,  a 
still  mere  rapid  augmentation  takes  place  at  the  extremities,  the 
more  So  as  the  length  bears  a  greater  proportion  to  the  breadth. 
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Coulomb  insulated  a  -circular  cylinder  two  inches  in  diameter  and  thirty 
inches  in  length,  of  which  the  ends  were  hemispherical;  and,  on  comparing 
the  quantities  of  electricity  collected  at  the  centre,  and  at  points  near  the 
extremities,  he  obtained  the  following  result*.  At  two  inches  from  the 
extremity  the  electricity  was  to  that  at  the  centre  as  li  to  i ;  at  one  inch  from 
the  extremity  It  was  as  i|  to  i ;  and  at  the:  extremity  it  was  as  it3.  to  i. 

From  the  observations  t-f  the  same  philosopher,  it  appears  that  the  depth 
of  the  electric  fluid  on  a  conductor  inert-uses  in  rapid  proportion  on  approach- 
lie  edges ;  that  the  effect  is  still  more  augmented  at  comers,  which  may 
yarded  as  two  edges  combined,  and  that  the  effect  is  still  further  in- 
creased if  any  part  of  a  conductor  have  the  form  of  a  paint. 

The  force  which  retains  electricity  on  the  surface  of  a  conductor 
was  assumed  by  Coulomb  to  be  the  pressure  of  the  atmosphere ; 
and  the  reason  why  it  is  impossible  to  accumulate  any  charge  on  a 
conductor  furnished  with  points,  is  because  the  depth  of  electricity 
is  there  so  much  increased  that  the  force  of  the  electric  fluid 
exceeds  the  restraining  power  of  the  atmosphere. 

But  it  has  been  shown  by  Harris  (Phil.  Trims.  183,4.")  that  an 
electrized  ball  insulated  under  the  receiver  of  an  air-pump,  and 
Connected  with  an  electroscope,  undergoes  no  change  by  withdraw- 
ing *$ths  of  the  air :  also,  that  a  charged  electroscope  enclosed  in 
nn  air-tight  bulb,  and  placed  under  a  receiver,  retains  its  charge 
unaltered  when  fftths  of  the  air  are  withdrawn ;  and  that  the 
divergence  of  a  well-insulated  gold-leaf  electroscope  does  not 
diminish  when  the  air  in  the  receiver  under  which  it  is  placed  is 
exhausted  till  only  shs^  Part  remains. 

Again,  Faraday  has  shown  that  the  distribution  of  electricity  on 
the  surface  of  on  insulated  sphere  is  only  uniform  as  long  as  it  is 
surrounded  by  a  dielectric  of  the  same  specific  inductive  capacity 
1 10  I ;  for,  when  an  electrified  ball  is  surrounded  partly  by  air  and 
partly  by  sulphur  or  lac,  the  electricity  is  diffused  on  it  unequally, 
though  the  pressure  of  the  air  remains  unchanged. 

According  to  Faraday's  view  of  induction — 

•An  electrified  cylinder  is  more  affected  by  the  influence  of  surrounding 
conductors  at  the  ends  than  at  the  middle,  because  the  ends  are  exposed  to 
a  greater  Bum  of  inductive  forces  than  the  middle;  and  a  point  is  brought 
to  a  higher  condition  Ihun  a  ball,  because,  by  relution  to  the  conductors 
around,  more  inductive  force  terminates  on  its  surface  than  on  an  equal  sur- 
face of  the  hall  with  which  it  is  compared.'    {Ex.  Jtefearch.  xii.  130a.) 

(13)  TBe  Condenser. — When  an  uninsulated  conductor  is 
brought  into  close  proximity  to  an  electrified  insulated  conductor,  the 
latter  acquires  an  increased  electrical  capacity,  in  consequence  of  the 
reciprocal  inductive  actions  of  the  two  conductors.  On  this  prin- 
a  very  important  electrical  instrument  was  invented  by 
(Bpinus,  and  introduced  into  electrical  science  by  Volta,  for  render- 
ing evident  very  minute  traces  of  electricitv. 
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section  in  Fig.  15:  a  a  are  the  two  halves  of  a  bravs  sphere  with  an 
air-tight  joint  at  b;  e  is  a  connecting  piece,  by  which  the  apparatus  is  joined 
to  a  good  stop-cock  d,  which  is  itself  attached  either  to  the  metallic  foot 
pi_.  [5_  e,  ot  toan  air-pump;  y  is  a  braas  collar,  fitted  to  the 

upper  hemisphere,  through  which  the  shell  lac  sup- 
port of  the  inner  brass  ball  h  passes.  This  ball  is 
screwed  on  to  the  brass  Btem  f,  terminating  above  by 
the  brass  ball  11;  11  is  h  mass  nf  shell  lac  moulded 
carefully  on  to  1,  and  serving  both  to  support  and 
insulate  it  and  its  balls  A  b. 

The  shell  lac  stem  I  is  fitted  into  the  socket  o 
by  a  little  cement  more  fusible  than  shell  lac,  applied 
at  m.  m,  in  such  a  way  m  to  give  sufficient  strength 
and  render  the  apparatus  air-tight  there,  yet  leave 
as  much  as  possible  of  the  lower  part  of  the  shall 
Jac  stem  untouched  as  an  insulation  between  the  bail 
h,  and  the  surrounding  sphere  a  a;  the  ball  h  has  a 
small  aperture  at  «,  so  that  when  the  apparatus  is 
exhausted  of  one  gas,  and  filled  with  mother,  (lie 
bat)  h  may  also  be  exhausted  and  tilled,  that  no 
variation  of  tbe  gas  in  the  interval  a  may  occur 
during  the  course  of  an  experiment. 

Two  of  the.se    instruments,  precisely   similar  in 

every  respect,  were  constructed,  and    the   method 

nf  experimenting  was  (different  insulating    media 

being  within)  to  charge  one  with  a  Ley  den  phial  j 

then,  after  dividing  the  charge  with  the  other,  to 

observe  what  the  ultimate  conditions  of  each  were, 

the  intensity  of  the  charge  being  measured  by  a 

carrier  ball  and  Coulomb's  electrometer. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

and  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  tbe  bodies  named : — 

Specific  Induction. 


t(, 


Air 

.    1 00 

Glass    . 

.     190 

!.\-i,,      . 

.     177 

Sulphur 

-     ''93 

Pitch     . 

.     180 

Shell  lac 

195 

Beea'-wax 

.     1-86 

All  gases  have  the  same  inductive  capacity,  independent  of  temperature 
and  pressure. 

(11)  Electricity  reildea  on  the  surface  of  electrified 
nodie».— When  a  body  receives  a  charge  of  electricity,  the  charge 
does  not,  as  in  the  case  of  heat,  diffuse  itself  throughout  the  -whole 
of  ite  substance,  but  is  confined  entirely  to  ita  surface  ;  from  tb.13 
it  follows  that  a  metallic  ball  ratty  be  equally  electrified  whether  it 
be  solid  or  hollow;  and  that  if  it  he  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  id 
ci  imposed  be  thick  ax  thin. 

1     Let  a  n  be  an  insulated  cylinder,  moveable  round  a  horizontal  axis, 
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which  may  be  turned  by  (he  plats  handle,  u.  Round  this  cylinder  let  a  metallic 
ribbon,  G  n,  be  wound,  and  let  a  silk  cord,  r,  Dfl  attached  to  the  end  of  it, 
Let  ft  pith-ball  electroscope,  e,  be  fixed  on  the  metnllic  frame  o(  the  apparatus. 
The  ribbon  being  elect  rifled,  the  pith-balls  divergo:  let  it  now  be  unrolled 
by  pulling  the  silk  cord  ;  ihe  bulla  will  gradually  collapse,  indicating  a 
diminution  of  the  electrical  charge;  and  if  the  ribbon  be  sufficiently  long, 
compared  with  tbe  electrical  charge  given  to  the  apparatus,  they  will  fad 
almost  entirely  together,  but  will  again  diverge  on  re-roiling  tbe  ribbon  on 
the  cylinder. 

Fig.  r?. 


tig,  lA, 


i.  Let  a  metallic  cup  be  placed  on  a  varnished  glass  support,  and  let  a 
metallic  chain,  terminated  by  a  silk  thread,  be  coiled  up  and  placed  in  its 
interior.  Let  the  cup  be  electrified;  upon  which  the  pith-balls,  hung  from  a 
metallic  wire  attached  to  the  can,  will  diverge  to  a  certain  extent.  Now  let 
the  chain  be  drawn  gradually  out  of  the  can  by  the  silk  thread;  the  diver- 
gence of  tha  balls  will  lessen,  and  finally  will  become  scarcely  perceptible.  Qn 
now  again  dropping  the  chain  gradually  into  the  can,  the  balls  will  again 
begin  to  diverge  and  the  divergence  will  increase  till  the  whole  of  the  chain 
baa  been  returned,  when  it  will  be  nearly  :is  great  usut  lirst. 

3.  Place  a  cylinder  of  wire  gauze  on  an  insulating  stand,  and  communicate 
a  8iuo.il  charge  of  electricity  to  its  inner  surface.     Try  now  to  renrove  a 
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before,  in  the  simple  inverse  ratio  of  the  distances,  but  ia  tbo  invent  ratio  of 
the  square  roott  of  the  distances. 

Then  as  regards  reflected  induction  of  A'  u'  on  a  nf  he  found— 

1.  That  when  a'  b'  was  uninsulated  the  force  was  in  the  inverse  ratio  of  the 
distances  between  the  plates. 

2.  That  when  a'  n'  was  insulated  the  variation  was  as  before,  in  the  inverse 
ratio  of  the  square  molt  of  the  distance. 

(15)  Variey's  Multiplier.  —  An  exceedingly  ingenious  instru- 
ment, by  which  very  feeble  electrical  tensions  may  be  multiplied 
several  thousand  fold,  so  that  by  its  use  the  tension  of  the  feeblest 
elrctrienl  sources  may  be  demonstrated,  and  sparks  or  other  ana- 
logous phenomena  developed  from  a  tension  no  greater  than  that 
produced  by  a  single  cell  of  the  voltaic  battery,  was  exhibited  nt 
the  International  Exhibition  of  i86z  by  Mr.  Varley.  {Juror* 
lie  port) 

This  instrument  might  be  called  a  multiplying  indicator.  It 
consists  of  an  axis,  on  which  parallel  rows  of  insulated  brass  vanes 
or  arms  are  fixed.  The  description  will  be  simplified  by  consider- 
ing one  row  of  vanes  only:  a,  b,  c,  n,  &c.  The  axis  may  be  turned 
by  hand,  and  at  two  points  of  the  revolution,  diametrically  opposite 
to  each  other,  the  vanes  enter  two  rows  of  hollow  insulated  cover- 
ings or  shells  of  brass,  a,  at,  av  av  .fee,  and  b,  bit  bv  b3,  &c.  These 
shells  conceal  the  vanes  entirely  on  the  three  sides,  and  are  con- 
nected one  with  another  as  follows: — a  unconnected,  at  as  joined 
together,  at  at  joined  together,  as  «0  joined  together,  &c.  In  the 
opposite  row,  b  bx  are  joined,  &2  b3  joined,  bt  65  joined,  &c. ;  a  ia 
opposite  to  b  ;  ay  opposite  to  bv  Sec  Thus  the  two  rows  may  be  said 
to  be  arranged  in  alternate  insulated  couples. 

The  charge  to  be  multiplied  is  communicated  to  a,  and  we  will 
suppose  this  charge  to  consist  of  a  certain  definite  quantity  retained 
without  loss  by  means  of  perfect  insulation.  The  axis  is  turned 
round  by  hand.  "When  the  vane  a  is  inside  a,  an  earth  conned  inn 
is  made  at  the  inner  end  of  the  vane  a,  where  it  is  not  covered  by 
the  shell.  If  the  charge  on  a  be  positive,  a  itiijative  charge  of  cor- 
responding magnitude  will  be  induced  on  a.  The  charge  so  induced 
may  approach  more  or  less  nearly,  according  to  the  proportions  of 
the  instrument,  to  equality  on  the  charge  on  a  j  it  will  always  be 
somewhat  leas,  but  can  easily  be  made  in  practice  to  differ  very 
little  from  the  original  charge.  When  the  axis  is  turned  round 
still  further,  the  earth  connection  is  broken,  and  the  negative 
charge  remains  insulated  on  the  vane  A.  As  the  axis  continues  to 
revolve,  the  vane  a  is  brought  inside  the  shell  A,  and  is  then  put 
in  connection  with  shells  b  l>,  by  a  suitable  contact.  The  negative 
charge  on  A  will  then  almost  entirely  distribute  itself  over  the 
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outer  surface  of  the  double  shell  b  At.  As  the  axis  is  turned  round 
and  round,  the  same  Beriea  of  contacts  will  be  repeated,  successive 
charges  on  a  will  be  induced  by  a,  and  communicated  to  the  double 
shell  b  bv  on  the  surface  of  which  these  charges  will  gradually 
accumulate,  tending  towards  a  limit  which  is  only  not  infinite 
(Leaving  insulation  out  of  consideration),  because  when  the  vane 
is  inside  b  6„  and  its  contact  there  made,  its  whole  metal  is  not 
surrounded  by  a  closed  metal  surface  forming  part  of  b-  The  effect 
will,  however,  practically  be  rather  limited  by  imperfect  insulation 
than  by  the  want  of  continuity  in  the  Burrounding  surface  of  b  A1. 
But  while  negative  electricity  is  thus  accumulating  on  b  bv  the 
Becond  vane,  b,  has  been  continually  passing  through  the  shell  bv 
At  the  moment  when  fully  covered  by  this  shell,  an  earth  contact 
has  been  made  with  this  vane,  as  already  described  for  vane  a.  b 
has  therefore  been  receiving  continually  greater  charges  of  positive 
electricity,  each  very  nearly  equal  to  the  quantity  of  negative  elec- 
tricity at  that  time  on  6  bv  and  these  in  their  turn  it  has  communi- 
cated to  the  sheila  a^  av  The  vane  o  receives  continually  increas- 
ing negative  charges  from  av  av  which  it  communicates  to  o4  6V 
and  thus  the  multiplication  proceeds  through  any  required  number 
of  ^  ft nes  and  shells,  by  the  simple  process  of  turning  the  axis. 

If  all  the  vanes  and  sheila  be  alike,  and  if  one  vane  with  its  pair 
of  shells  can  at  most  produce  a  charge  in  the  second  shell  only 
ten  times  greater  than  that  in  the  first,  it  is  clear  that  ten  vanes 
and  tlieir  shells  would  produce  a  maximum  charge  in  the  Baal 
shell  io10,  or  10,000,000,000  times  greater  than  on  the  first  shell. 
The  tension  of  this  final  shell,  if  all  disturbing  causes  be  removed, 
would  likewise  be  10,000,000,000  times  greater  than  that  of  the 
first  shell  under  similar  circumstances.  Metallic  screens  in  con- 
nection with  the  earth  are  used  between  ench  pair  of  coupled  shells 
to  prevent  their  action  one  on  the  other,  and  also  surrounding  the 
whole  apparatus  to  screen  it  from  irregularity. 

As  a  proof  that  this  instrument  can  be  relied  on  as  indicating  a 
real  multiplication  of  the  charge  originally  given  to  the  first  plate.  Mi. 
Varley  showed  to  the  Jury  a  strong  positive  tension  of  the  positive 
pole  of  a  single  Darnell's  voltaic  cell,  by  a  definite  number  of  rota- 
tions of  the  axis ;  and  then,  reversing  the  poles  of  the  battery,  aud 
turning  the  axis  of  the  instrument  dwibk  the  number  of  times  used 
to  produce  the  first  tension,  he  reversed  that  tension,  and  produced 
a  very  nearly  equal  tension  of  the  opposite  kind.  The  tensions 
were  strong  enough  to  produce  sparks. 

Mr.  Varley  states  that  he  has  obtained  it  multiplication  of  more 
than  15,000  times  the  original  tension  by  the  use  of  this  instru- 
ment. 


,16  >  The  Electrical  Machine. — The  tirst  apparatus  that  was 
constructed  for  the  exhibition  of  electrical  phenomena,  lo  which  the 
name  of  electrical  machine  was  given,  was  the  globe  of  sulphur  used 
l'V  Boyle  and  Otto  Guericke.  The  substitution  of  glass  for  sul- 
phur was  made  by  Newton,  the  rubbers  in  both  CMOS  being  the 
hand.  That  important  part  of  the  machine  called  the  prime  (in- 
ductor was  tirst  introduced  by  Boze;  it  consisted  of  an  iron  tube 
suspended  by  silken  strings ;  and  the  substitution  of  a  cushion  for 
applying  friction  in  the  place  of  the  hand  waa  tirst  made  by 
Winkler. 

The  electric  of  the  modern  electrical  machine  is  generally  glass, 
and  the  form  either  a  cylinder  or  a  plate;  discs  of  gutta  percha 
and  vulcanite  are  also  employed ;  and  it  has  recently  been  proposed 
to  return  to  sulphur,  a  disc  of  which,  a  metre  in  diameter  and  two 
or  three  centimetres  thick,  makes,  according  to  M.  Iticher  (French 
Academy  of  Science*,  Jan.  30,  1865),  an  excellent  machine. 

The  glass  cylindrical  electrical  machine  is  shown  in  Fig.  11. 

It  consists  of,  1,  a  hollow  cylinder  of  glass  supported  on  brass  bearings 
which    revolve  in  up- 
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right  pieces  of  wood 
attached  to  a  rectan- 
gular base;  l,  a,  cush- 
ion of  leather  stuffed 
with  horse-hair,  and 
fixed  to  a  pill iit  of 
glass,  furnished  with  a 
screvr  to  regulate  the 
degree  of  pressure  on 
the  cylinder;  3.  a  cy- 
linder of  metal  or 
wood  covered  with  tin 
foil,  mounted  on  a 
glass  stand,  and  termi- 
nated on  one  side  by  a 
series  of  points,  and  on 
the  other  side  by  a 
brass  ball.  A  flap  of 
oiled  silk  is  Attached  to 
the  rubber  to  prevent 
the  dissipation  of  elec- 
triciiy  from  tb«  surface  of  the  cylinder  before  il  reaches  the  points. 
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The  surface  of  the  leather  cushion  i»  smeared  with  s  metallic  amalgam, 
made  by  melting  together  five  parts  of  zinc  nrjd  three  parts  of  tin,  and  pour- 
ing gradually  oil  the  melted  mixture  nine  purts  of  metallic  mercury  pre- 
viously warmed:  the  whole  is  shaken  briskly  till  cold,  in  an  iron  or  thick 
wooden  box  ;  it  is  then  reduced  to  a  fine  powder  in  a  mortar,  sifted  through 
muslin,  and  mixed  with  lard  in  sufficient  quantity  to  reduce  it  to  the  con- 
sistency of  paste.  This  preparation  should  be  spread  cleanly  over  the  surface 
of  the  cushion,  up  to  the  line  formed  by  the  junction  of  :he  silk  flap  with 
the  cushion.  By  the  use  of  this  amalgam  electrical  excitation  is  greatly 
promoted. 

The  glass  plate  electrical  machine  is  shown  in  Fig.  12. 

It  consists  of  a  circular  plnte  of  thick  flinty  glass,  revolving  vertically  by 
rnerms  of  a  winch  between  two  uprights.  Two  pairs  of  rubbers,  formed  of 
slips  of  clastic  wood   covered    with   leather,  stuffed,   with  horse-hair,  and 

Fig.  u. 
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furnished  with  silk  flaps,  are  placed  at  two  equidistant  portions  of  the  plate, 
on  which  their  pressure  may  be  increased  or  diminished  by  means  of  brass 
■BNnM.  The  prime  conductor  consists  of  hollow  brass,  supported  horizontally 
from  one  of  the  uprights:  its  arms,  where  they  approach  the  plates,  being 
furnished  with  points. 
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Sir  William  Snow  Harris's  arrangement  of  the  plate  electrical 
machine  is  shown  in  Fig.  23. 

The  plate  A  a,  about  three  feet  in  diameter,  is  mounted  on  a  metallic  axis 
resting  on  two  horizontal  supports  of  mahogany,  which  are  themselves 
sustained  by  four  vertical  mahogany  columns,  lined  upon  a  firm  frame  as  a 
base.  The  whole  apparatus  rests  on  the  four  legs  n  c  D  r,  and  these  again 
rest  upon  another  steady  frame,  provided  with  three  levelling  screws,  OHl, 
for  securing  it  in  a  horizontal  position.     The  rubbers  are  insulated,  on  the 
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glass  pillars  k  k.  one  on  either  side  of  the  horizontal  diameter  of  the  plate. 
1,  ji  s  is  the  positive  conductor,  projecting  in  n  vertical  position  in  front  of 
the  plate ;  while  the  negative  conductor,  o  p,  passes  in  a  curvilinear  direction 
behind,  and  connects  the  rubber  of  each  side. 

The  glass  plute  is  turned  by  an  insulated  handle,  immediately  in  front  of 
which  is  placed  a  short  index,  which  is  Axed  to  the  axis,  and  which  moves 
over  a  graduated  circle  attached  to  the  horizontal  part  of  the  frame,  and 
through  the  centre  of  which  the  axis  passes.  In  this  manner  the  number  of 
revolutions  of  the  plate  may  be  accurately  registered. 

The  machine  used  by  Faraday  in  his  famous  researches  U  some- 
what similar   in   construction  to    the    above.      The  plate  is  50 


inches  in  diameter,  and  the  metallic  surface  of  the  conductor  in 
contact  with  the  air  about  141*2  square  inches.  When  in  good 
excitation,  OBfl  revolution  of  tbe  plate  will  give  ten  or  twelve  sparks 
from  the  conductor,  each  an  inch  in  length,  and  sparks  or  flashes 
from  10  to  14  inches  in  length  may  easily  be  drawn  from  the 
conductor, 

A  magnificent  plate  electrical  machine  was  some  years  ago  con- 
structed for  the  late  Panopticon  of  Science  in  LeiOGffteT  Square. 
The  plate  of  this  machine  was  ten  feet  in  diameter;  it  was 
turned  by  steam  power,  and  excited  by  three  pairs  of  rubbers, 
each  pair  nearly  3  feet  in  length.  The  conductor  was  pear- 
shaped,  6  feet  in  length,  and  4  feet  in  diameter  at  its  widest  part. 
When  well  excited,  sparks  from  15  to  18  inches  in  length,  and 
of  remarkable  brilliancy  and  volume,  could  be  drawn  from  the 
terminal  ball  of  the  conductor,  and  a  battery  of  thirty-six  jars, 
presenting  108  square  feet  of  coated  glass,  could  he  charged  to 
saturation  in  less  than  one  minute. 

(17)  Relative  merits  of  tbe  Cylinder  and  Plate  Electrical 
Machine. — Cylinder  machines  have,  according  to  Hearder  (Phif, 
Mag.  vol.  xv.  p.  190),  a  superiority  in  their  exciting  power  over 
plate  machines  of  equal  surface  in  the  proportion  of  4  to  i,  and  are 
for  ordinary  experimental  purposea  much  more  convenient.  A 
cylinder  of  1  a  inches  in  diameter,  having  a  single  rubber  of  9  inches 
in  length,  is  equal  to  a  24-inch  plate  machine  having  four  rubbers 
each  5  J  inches  long.  In  very  large  plate  machines,  where  a  single 
pair  of  rubbers  only  is  used,  the  sacrifice  of  power,  in  proportion  to 
the  size  of  the  machine,  ia  very  great,  mi  the  only  advantage 
which  they  appear  to  possess  as  a  compensation  for  this  loss  is 
that  of  affording  very  long  sparks  from  a  large  conductor. 

A  well  constructed  machine,  having  a  cylinder  3*  inches  in  cir- 
cumference, and  a  rubber  9  inches  in  length,  with  a  prime  conduc- 
tor 4  or  5  inches  in  diameter  and  10  inches  long,  should,  without 
the  necessity  of  warming  the  cylinder,  give  four  to  six  dense  sparks 
of  3  to  3  J  inches  in  length  for  every  revolution  of  the  cylinder.  A 
2-inch  ball  inserted  into  the  conductor  should  throw  off  spontane- 
ously rapid  brushes  of  electricity  into  the  air,  and  furnish  zigsag 
sparks  of  9  inches  or  more  in  length ;  it  should  also  charge  a 
J.i'vileu  phial  of  ordinary  thickness,  containing  4  square  feet  of  in- 
ternal surface,  so  as  to  discharge  at  0-5  of  an  inch  with  48  or  50 
turns, 

The  best  material  for  the  flap  attached  to  the  rubber,  is,  accord- 
ing to  the  same  authority,  thin  yellow  oiled  silk ;  it  should  he 
i*hed  on  one  side  only,  the  unvarnished  side  being  applied  to 
le  glass  to  prevent  adhesion.    If  both  sides  of  the  silk  are  vat- 
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wished,  that  side  -which  is  to  be  applied  to  the  glass  should  be 
prepared  by  giving  it  two  or  three  coatings  of  shell  lac  varnish. 
As  a  great  desideratum  is  the  close  approximation  of  the  flap 
with  the  cylinder,  the  common  practice  of  sewing  the  silk  flap  to 
the  upper  end  of  the  rubber  is  objectionable ;  it  should  be  attached 
to  the  lower  end,  and  allowed  to  pass  up  between  the  rubber  and 
the  cylinder.  In  order  to  prevent  the  injury  which  would  accrue 
to  the  flap  from  repeatedly  spreading  the  amalgam  upon  the  sur- 
face which  oovan  the  rubber,  a  second  piece  of  unoiled  silk  is 
attached  to  the  lower  end  of  the  rubber  and  turned  up  over  its  face 
so  as  to  receive  the  amalgam  .-  when  torn,  it  may  easily  be  replaced. 
The  silk  flap  should  extend  orer  one-fourth  of  the  circumference  of 
the  cylinder. 

The  substitution  of  discs  of  vulcanite  for  those  of  glass  in  the 
plate  electrical  machine,  and  of  conductors  mounted  on  vulcanite 
stems,  gives  excellent  results,  allowing  the  apparatus  to  be  worked 
satisfactorily  in  damp  states  of  the  atmosphere,  when  instruments 
made  with  the  common  glass  mountings  would  be  nearly  useless. 
\t  the  International  Exhibition  of  1861,  Mr.  C.  Varley  exhi- 
bited a  machine,  the  vulcanite  disc  of  which  was  35  inches 
nueter.  A  large  induction  ring  was  used  with  this  machine, 
on  thi'  plan  recommended  by  Dr.  Winter,  of  Vienna.  Under  favour- 
ulilo  efoeumstanoeo,  sparks  10  inches  in  length  could  be  obtained 
from  Mr.  Varley *s  instrument.  Without  Dr.  Winter's  ring  the 
sparks  arc  reduced  to  about  7  inches. 

The   amalgam  used  with  vulcanite  should  be   softer  than  that 
used  with  plass,  otherwise  the  disc  deteriorates  with  use. 

(18)  Theory  of  the  Electrical  Machine, — The  theory  of 
the  action  of  the  electrical  machine  flows  immediately  from  the 
principle  of  induction  already  illustrated  (7).  On  turning  the 
handle,  l  he  natural  electricity  of  the  rubber  becomes  by  friction 
decomposed,  the  positive  fluid  adhering  to  the  surface  of  the  glass, 
and  the  negative  to  the  riibWr.  The  positive  electric  portions  of 
-iass,  coming,  during  its  revolution,  opposite  tothepoints  on  the 
conductor,  act  powerfully  by  induction  on  the  latter,  attracting  the 
negative,  which,  being  accumulated  in  a  state  of  tension  at  the 
pouts,  darts  off  towards  the  cylinder  to  meet  the  positive  fluid,  and 
thus  re-constitute  the  neutral  compound  :  the  consequence  is,  that 
the  conductor  is  left  powerfully  positive,  and  the  rubbers  propor- 
tional lv  ru'LTnti  vo,  ami  after  a  few  revolutions  of  the  glass  no  more 
foe  positive  electricity  can  be  developed,  provided  the  rubbers  are 
insulated.  It  is  therefore  necessary  to  put  them  into  conducting 
ciin  muni  cation  with  the  earth,  whereby  a  sufficient  supply  of  posi- 
tive electricity  U?  obtained  to  neutralise  ita  negative  state.    In  very 
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weather  it  is  necessary  to  connect  the  rubbers  with  the  moist 
earth  by  means  of  a  good  conductor ;  and  it  is  advisable,  if  possible, 
to  establish  a  metallic  connection  with  the  metallic  water  pipes. 

On  presenting  to  the  prime  conductor  the  knuckle,  or  a  conduct- 
ing body  in  electrical  communication  with  the  earth,  a  vivid  spark 
passes  between  them,  accompanied  by  a  sharp  snapping  sound.  1 1 
ja  usual  to  speak  of  this  spark  (in  the  case  of  a  glass  electrical 
machine)  as  the  positive  spark:  a  term  which,  according  to  tbfi 
electrical  theory  now  generally  adopted,  does  not  convey  a  correct 
idea  of  its  nature.  According  to  the  principles  of  induction  (7), 
the  free  positive  electricity  on  the  prime  conductor  disturbs  the 
neutral  electrical  condition  of  a  neighbouring  and  passive  con- 
ductor, drawing  the  negative  fluid  towards  itself,  and  repelling  the 
positive;  and  when  this  state  has  amounted  to  one  of  sufficient 
tension,  the  negative  electricity  rushes  towards  the  positive  elec- 
tricity of  the  conductor.  It  is  this  neutralisation  or  discharge  of 
the  electric  state  of  the  conductor  which  constitutes  the  spark. 

If,  instead  of  connecting  the  rubbers  with  the  earth,  they  are  left 
insulated,  and  the  prime  conductor  uninsulated,  then  sparks  will 
pass  between  the  rubbers  and  a  conducting  body  in  electrical 
ii.uimunication  with  the  earth ;  and  if  both  rubbers  and  prime 
conductor  be  insulated,  but  connected  together  by  a  metallic  wire, 
no  trace  of  electricity  <--au  bo  obtained  from  any  part  of  the  machine. 
Thus,  in  order  to  get  any  development  of  electricity,  there  must  he, 

k either  with  the  rubber  or  with  the  prime  conductor,  electrical 
communication  with  the  earth  as  the  great  natural  reservoir  of 
electricity. 
(19)  The  Hydro-Electric  Machine.  —  Under  the  head  of 
Frk-tiorhd  Electricity  must  be  included  the  remarkable  source  of 
development  by  effluent  steam,  which,  in  the  hands  of  Faraday, 
Armstrong,  Ibbeteon,  and  others,  has  led  to  the  construction  of 
machines  capable  of  producing  electricity  in  enormous  quantity. 

The  first  account  we  have  of  an  observation  on  the  electricity  of 
a  jet  of  steam  is  contained  in  a  letter  addressed  to  Professor  Faraday 
by  Mr.  (now  Sir  William)  Armstrong  (PkiL  May.  vol.  xvii.), 

The  phenomenon  was  first  noticed  by  a  workman ;  it  happened  that  the 
cement  by  which  the  safety-valve  was  securer!  to  n  boiler  hail  a  crack  in  it, 
anil  through  this  fissure  a  copious  horizontal  jet  of  steam  constantly  tffiWMJL 
Soon  after  this  took  place,  the  engine-man,  having  SraideniaUy  one  of  his 
hands  immersed  in  the  issuing  steam,  presented  the  other  to  the  lever  of  the 
valve  with  the  view  of  adjusting  the  weight,  when  he  was  greatly  surprised 
by  the  appearance  of  a  brilliant  spark  which  passed  between  the  lever  and 
his  hand,  and  was  accompanied  by  a  violent  wrench  in  his  arms,  wholly 
unlike  anything  he  had  ever  experienced  before. 

A  series  of  experiments  instituted  by  Mr,  Armstrong  led  him  to 
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the  conclusion  that  the  excitation  of  electricity  takes  place  at  the 
point  where  the  steam  is  subjected  to  friction ;  and  it  was  sub- 
sequently shown  by  Faraday  that  the  presence  of  water  is  necessary, 
and  that  in  fact  the  generation  of  electricity  is  the  result  of  the 
friction  of  condensed  particles  of  water  whilst  being  driven  by  the 
issuing  steam  through  the  jet  from  which  it  escapes. 
The  hydro-electric  machine  is  shown  in  Fig.  24. 

Fig.** 


The  boiler  is  2  ft.  6  in.  in  length,  and  1  ft.  2  in.  in  diameter  j  a  is  the  door 
of  the  fire-place ;  b  c,  the  conductor  for  collecting  electricity  from  the  steam ; 
c,  the  collecting  points;  b,  a  glass  insulating  stem ;  d,  the  escape* tubes  and 
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jets,  of  peculiar  construction,  and  made  of  partridge  wood  ;  e,  the  condensing 
i  Inclosing  tho  iron  pipes  by  which  tbe  steam  is  conveyed  to  the  jets. 
The  lower  part  of  the  condensing  vessel  contains  water,  which  nearly  reaches 
the  lower  end  of  the  steam -pipes;  from  the  latter  are  suspended  filaments  of 
cotton,  which  dip  into  the  water,  and  by  capillary  action  raise  just  sufficient 
to  cause,  by  its  action  on  the  pipes,  a  condensation  of  the  requisite  quantity 
of  water  for  rubbing  against  the  jets;  F  G  is  the  cock  for  letting  off  the 
steam  ;  11,  the  chimney;  II II,  the  insulating  glass  pillars;  k  k,  the  frame 
moving  on  castors;  a  a,  the  water-gauge;  fe,  condensing  pipes  for  showing 
the  effect  of  impregnating  the  ejected  water  with  extraneous  substances,  and 
for  exhibiting  two  jets  of  steam  simultaneously,  issuing  from  the  boiler  in 
opposite  states  of  electricity ;  b,  the  cock  for  introducing  extraneous  matter; 
e  d,  cocks  for  admitting  steam  to  the  pipes;  </,  the  safety-valve;  h,  the 
escape-pipe  for  tbe  vapour  of  the  condensing  tube.  The  fuel  is  charcoal. 
When  in  good  working  order,  a  machine  of  the  above  size  will  produce,  ac- 
cording to  the  makers)  as  much  electricity  as  three  30-inch  plate  machines. 

The  electricity  produced  by  the  hydro- electric  machine  is  more 
remarkable  for  its  enormous  quantity  than  for  high  intensity.  A 
magnificent  machine  was  aome  years  ago  constructed  for  the  Royal 
Polytechnic  Institution,  under  the  superintendence  of  Messrs. 
Armstrong  and  Ibbeteon,  The  maximum  spark  obtained  in  the 
open  air  was  zz  inches  in  length.  While  working  in  the  lecture- 
room  of  the  institution  the  length  of  the  spark  rarely  exceeded  14 
inches,  but  it  was  capable  of  charging  80  feet  of  coated  glass  in  6 
or  8  seconds^  to  do  which  required  from  a  glass  plate  machine  7 
feet  in  diameter  about  50  seconds.  A  still  more  powerful  machine 
was  constructed  for  the  use  of  an  institution  in  America.  Tbe 
steam  was  made  to  issue  through  1+0  jets.  The  sparks  obtained 
were  not  longer  than  those  obtained  from  the  London  machine,  but 
they  succeeded  each  other  with  three  or. four  times  the  rapidity, 
and  charged  to  the  utmost  degree  that  it  could  bear  a  battery  of 
thirty-six  Leyden  jars,  each  containing  33  feet  of  coated  surface, 
upwards  of  sixty  times  in  a  minute. 

(20)  Different  forma  of  Disruptive  Biacbarfre. — The  dis- 
charge which  takes  place  between  two  conducting  surfaces  is 
termed  di'sru/rti'-r. 

'  It  is,'  according  to  Faraday's  view,  '  the  limit  of  the  influence 
which  the  intervening  air  or  dieUdric  exerts  in  resisting  discbarge. 
It  occurs  not  when  all  the  particles  have  attained  to  a  certain 
degree  of  tension,  but  when  that  particle  which  is  most  affected 
has  been  exalted  to  the  subverting  or  turning  point;  all  must  then 
give  way,  since  they  are  linked  together,  as  it  were,  by  the  in- 
fluence of  the  constraining  force,  and  the  breaking  down  of  one 
particle  must  of  necessity  cause  the  whole  barrier  to  he  over- 
turned.* 
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(«)  fipm-k  duoharge. — Thia  may  be  considered  us  the  destruc- 
tion, by  a  convulsive  effort,  as  it  were,  of  the  polarized  inductive 
Btate  of  manj*  dielectric  pnrliclea  by  a  particular  action  of  a  few 
occupying  u  limited  space,  '  all  the  previously  polarized  particles 
returning  to  their  rirst  or  normal  condition  in  the  inverse  order  in 
which  they  left  it,  and  uniting-  their  powers  meanwhile  to  produce 
or  rather  to  continue  the  discharge  effect  in  the  place  where  the 
subversion  of  force  first  occurred.1  (Faraday,  Ki\  Jtewarch.  13th 
and  14th  series.) 

Several  circumstances  contribute  to  exert  a  marked  influence  on 
the  character  and  appearance  of  the  electric  spark.  If  a  large 
uninsulated  metallic  ball  be  brought  within  striking  distance  of  an 
equal  sized  ball  attached  to  the  prime  conductor  of  a  machine  in 
vigorous  action,  tliu  sparks  are  short,  straight,  brilliant,  and 
Bonorous ;  if  the  ball  attached  to  the  prime  conductor  be  small  (an 
inch  or  bo  in  diameter),  the  sparks  are  no  longer  straight,  but  they 


Ficr.  if. 


are  much  longer  and  less  luminous.  They  have  now  a  crooked 
OR  zigzag  nppearance,  reminding  forcibly  of  that  form  of  lightning 
called  '  forked  lightning.1  The  sparks  from  the  rubber  or  negative 
conductor  are  much  shorter  and  less  brilliant  than  those  from  the 
positive  conductor. 

The  electric  spark  present^  different  appearances  in  different 
elastic  media. 

In  air  they  have,  when  obtained  with  hrass  balls,  a  well-known  intense 
light  and  blniah  colour,  with  frequently  faint  or  dark  parts  in  their  course, 
when  the  quantity  of  electricity  passing  is  not  great. 

In  nitrogen  they  are  very  beautiful,  having  the  same,  general  appearance 
as  in  air,  but  more  colour  of  a  purple  or  bluish  character. 

la  oxtfptn  they  are  brighter,  but  not  so  brilliant  as  in  common  air. 

In  hydrogen  they  are  of  a  fine  crimson  colour,  but  have  very  little  sound  in 
consequence  of  the  physical  character  of  the  gas. 

In  carbonic  acid  gas  they  have  the  same  general  appearance  as  in  air,  but 
are  remarkably  irregular.  Sparks  can  be  obtained  under  similar  circum- 
stances much  longer  tliun  in  air,  the  gaa  showing  a  singular  readiness  to 
pass  the  discharge. 

In  muriatic  acid  gas,  when  dry,  they  are  nearly  white,  and  almost  always 
bright  throughout. 
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In  eoai  ga*  tbey  are  sometimes  green,  sometimes  red ;  occasionally  one 

urt  is  green  and  another  red,     Black  pans  also  occur  very  suddenly  in  the 

Jine  of  the  spark,  i.t  they  are  not  connected  by  any  dull  part  with  bright 

portions,  but  the  twoseem  to  join  directly  the  ojic  with  the  other. — Faraday, 

The  pressure  or  density  of  the  air  exercises  a  grefit  influence  on 
the  spark  disruptive  discharge.  Harris  found  (Phil.  Trans.  1834) 
that  the  quantities  of  electricity  required  to  produce  discharge 
AS  a  constant  interval  varied  exactly  with  the  variations  of 
density,  the  quantity  of  electricity  and  density  of  the  air  being  in 
the  same  simple  ratio.  Or,  if  the  quantity  retained  were  the  same, 
whilst  the  interval  and  density  of  the  air  were  varied,  then  these 
were  found  in  the  inverse  simple  ratio  of  each  other,  the  same 
quantity  passing  across  twice  the  distance  with  air  rarefied  to  one 
half. 

For  illustrating  the  influence  of  the  condensation  and  rarefaction  of  air, 
and  for  examining  the  effects  of  different  gaaea 
.11  the  I'-'lour  tad  appearance  of  the  electric 
spark,  the  simple  npporalus  shown  in  Fig.  26 
may  be  employed.  It  consists  of  a  gloss  globe 
■boat  four  inches  in  diameter,  provided  at 
each  end  with  a  brass  cop;  to  one  of  which  a 
Slop  cock  is  screwed,  with  a  wire  and  hall  pro- 
jecting into  the  globe, 

and  through  the  oilier 

a   similar   wire    slides 

through     a    collar     of 

leather,    so     that    the  IIP"']! '"' "^A 

balls   may  be   set   at 

any   required   distance 

from  each  other  in  the 

globe.     The  apparatus 

may  be  exhausted  by 

the   air  pump,    or   the 

sir  may  be  condensed 

in  it  by  a  condensing 

syringe. 
The  apparatus  shown 

in     Fijr.  27    may    also 

be  used  for  performing 

some  striking  experi- 
ments.     The    receiver 

having  been  exhausted 

is  screwed  on  a  transfer 

plate,    which    is   con- 
nected by  a  wire  with 
the  negative  conductor:  the  upper  ball  being  connected  with  tbo  poaitive. 
The  balls  should  be  set  at  a  distance  of  about  5  or  6  inches  apart.     On 
tnrnin  me  a  current  of  beautiful  light  passes  from  the  positive  to 

the  negative  ball,  on  which  it  breaks  and  divides  into  a  luminous  atmo- 

D 
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sphere,  entirely  surrounding  the  lower  ball  and  stem;  an.l  own 
striking  manner  the  idea  of  a  fluid  running  over  the  surface  of  a  resisting 
solid,  which  it  cannot  enter  with  facility.     No  appearance  of  light  occurs  mi 
the  positive  bull,  but  the  straight  luminous  lino  that  pusses  from   it.     If, 
however,  it   be  rendered  negative  ami  the  lower  ball  positive,  these  e 
are  reversed. 

Let  a  glass  tube,  two  or  more  feet  long  and  furnished  at  either  end  with  a 
brass  ball  projecting  into  its  interior,  he  well  exhausted  of  ils  air;  let  n  be 
connected    with    the  prime   conductor   and    11'  with  the  earth,  when    the 


machine  is  turned,  induction  taking  place  with  increased  facility  in  conse- 
quence of  the  rarefaction  of  the  air,  disc h urge  takes  place  through  tin-  tube, 
filling  it  with  a  beautiful  bluu  light,  closely  resembling  the  aurora  bore&li* 


Fig.  10. 
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Spark  discharge,  immediately  following  exalted 
induction,  is  beautifully  illusirated  by  the  'magic 
pane,'  which  is  merely  a  plate  of  glass  on  which  me 
pasted  some  strips  of  tin  foil,  having  portions  cut 
out  so  that  the  space  represents  letters  as  shown  in 
the  figure.    On  connecting  the  first  piece  of  foil  with  <^ 

the  conductor  and  the  lust  with  the  ground,  the  letters 
will  appear  in  characters  of  fire  in  consequence  of 
luminous  discharge  taking  place,  apparently  at  the 
same  moment,  across  all  the  open  spaces.  In  a  similar 
manner  lozenge  shaped  pieces  of  tin  foil  may  be  ar- 
ranged spirally  round  a  glass  tube,  3  or  4  feet  long; 
a  beautiful  spiral  line  of  sparks  is  produced,  on  bring- 
ing one  end  of  the  tube  within  striking  distance  of  the  prime  conductor  and 
holding  the  other  end  in  the  band. 

Kir;.  30  represent*  an  arrangement  for  exhibiting   the  revolution  of  a 
spotted  tube.    It  is  made  of  a  glass  tube,  blown  smooth  and  round  at  one 
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id  and  open  at  the  other;  it  should  he  about  ten  indies  long  and  three 
quarters  of  en  loci  la  diameter.  A  ball  or  piece  of  smooth  tin  foil  is  had 
on  the  upper  dosed  end,  and  the  usual  spots  of  foil  carried  in  a  spiral  form  to 
the  lower  open  stul.  A  cap,  either  of  wood  or  brass,  is  cemented  on  tHa  Ml  - 
Bide  of  ilu:  lower  ml  of  the  tube,  from  which  four  wires  project  outwards, 
having  their  points  bent  at  right  angles.  "1  he  tube  is  then  set  on  an  up- 
right wire  winch  panes  Upwards  into  the  tube  to  its  top.  ami  tfail  wire  is 
then  set  on  an  insulated  stand  and  brought  near  the  prime  conductor.    It 

ii  thus  revolve  with  great  ease. 

(A)  /Irtish  discharge.  —  This  has  been  shown  by  Professor 
Whesristi  me  to  confifet  of  successive  intermitting  disctuugeB)  although 
continuous,  It  is  in  reality  n  discharge  between  a  bad 
r  a  non-conductor,  and  father  a  conductor  or  another  non-eon- 
ductor.  According  to  Faraday  it  may  be  considered  u  a  spark  to 
of  electric  force  to  mutter,  not  by  ctrndtirtiun,  Iml 
by  disruptive  discharge.  lie  explains  the  phenomenon  on  the 
principle  of  induction,  which,  taking  place  between  (he  end  of  u 
electrified  rod  mid  the  walls  of  a  room  across  the  dielectric  air, 
polarizes  the  particles  of  air;  those  which  are  nearest  to  the  end 
f  the  wixe  being  most  intensely  polarized,  and  those  situated  in 
i-tii.ns  acros*  1 1n-  lines  of  inductive  force  towards  the  wall  being 
t  polarized.  Ici  consequence  of  this  state,  the  particle  of  air  at 
b  end  of  the  wire  is  at  a  tension  that  will  immediately  terminate  in 
discharge,  while  in  those  even  only  n  few  inches  off  the  tension  is 
beneath  that  point  When  discharge  takes  place  the  particle 
of  air  in  the  immedinte  vicinity  of  the  roil  instantaneously  p-mihh-* 
its  polarized  state,  the  wire  itself  regaining  its  electrical  state  by 
induction,  ihn  polarized  particle  of  air  exerts  a  distinct  induith  a 
net  towards  the  further  particles,  and  thus  a  progressive  discharge 
from  particle  to  particle  takes  place. 


The  general  appearance  of  a  good  brush  is  re- 
presented  in  Fig.  3,1.  It  may  be  thus  produced 
by  attaching  <"  the  prims  conductor  of  a  powerful 
jL  machine  a  long  brnss  rod  terminated  by 
a  brass  ball  about  07  of  an  inch  in  diameter.  If 
the  machine  be  not  in  very  good  action,  many 
of  agisting  the  formation  of  a  brash  may 
rted  to:  thus  the  hand  or  any  large  con- 
ducting surface  may  be  approached  towards  the 
ball  to  increase  the  inductive  force;  or  the  ter- 
minal ball  maybe  smaller,  and  of  badly  conducting 
matter  such  as  wood;  or  (which  gives  to  the 
brushes  exceedingly  fine  characters  end  great 
magnitude)  the  nir  round  the  termination  may  be 
rarefied,  more  or  less,  either  by  heat  or  the  air 
pump. 


Fig.  11. 
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By  making  a  small  ball  positive  by  a  good  electrical  machine  with  a  large 
prime  conductor,  and  approaching  a  large  uninsulated  discharging  ball  to- 
wards it,  very  beautiful  va- 


Fig.  J2. 


nations  from  the  spark  to 
the  brash  may  be  obtained. 
Figs.  32,  33,  34  represent 
the  various  forms  assumed 
by  the  brush  on  bringing 
a  knobbed  conductor  into 
different  positions  near  the 
discharging  ball ;  the  curv- 
ature of  the  ramifications 
illustrating  in  a  beautiful 
manner  the  curved  form  of 
the  lines  of  inductive  force 
existing  previous  to  dis- 
charge, in  the  same  man- 
ner as  iron  filings  strewed 
on  a  sheet  of  paper  placed 
over  a  magnet  represent 
magnetic  curves. 

Faraday  found  that,  like 
the  spark,  the  brush  has 
specific  characters  in  dif- 
ferent gases.  In  nitrogen 
they  could  be  obtained  with 
far  greater  facility  than  in 
any  other  gas,  and  when 
the  gas  was  rarefied  they 
were  exceedingly  fine  in 
form,  light,  and  colour ;  in 
oxygen  on  the  other  hand, 
they  were  very  poor. 

Brush  discharge  is  ac- 
companied with  a  low  dull 
chattering  sound.  The  ge- 
neral brush  is  resolvable 
into  a  number  of  individual  brushes,  each  of  which  is  the  result  of  a  single 
discharge,  and  the  sound  is  due  to  the  recurrence  of  the  noise  of  each  sepa- 
rate discharge. 

Fig.  34- 


Fig-  JJ- 
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(c)  Glow  discharge. — "When  a  fine  point  is  used  to  produce 
disruptive  discharge  from  a  positively  charged  conductor,  the  "brush 


gives  place  to  a  quiet  phosphorescent  continuous  glow  covering1  the 
whole  end  of  the  wire  and  extending  a  small  distance  into  the  nr. 
Glow  discharge,  like  brush  discharge,  is  always  accompanied  by  u 
wind  proceeding  either  directly  out  from  the  glowitur  part  or 
directly  towards  it.  It  appears  to  be  due  to  a  continuous  charge  or 
discharge  of  air. 

OoMfionitlty  glow  lakes  the  place  of  brush  when  &  rounded  wire  oj  of  an 

inch  in  diameter  is  a  ted,  and  the  finer  the  paint  the  more  readily  is  it  pro- 

dureri.     Jt  is  surprisingly  favoured  by  rarefaction  of  tlie  air.     A  brass  ball 

about  2}  Inches  in  diameter,  when  made  positive  in  an  air  pump  receiver* 

met  covered  with  a  glow  over  an  area  of  two  inches  in  diameter  when 

the  pressure  is  reduced  to  45   inches  of  mercury.     By  a  little  adjustment 

Faraday  succeeded  in  covering  the  ball  all  over  with  this  light.-  using  a 

brass  ball  ra.5  inch  in  diameter,  and  making  it  Uduetmulf  positive  by  an 

trie  negative  point,  the  phenomena  »i  high  degrees  of  rarefac'ion  were 

■Singly  beautiful.     The  glow  came  over  the  positive  ball  and  gradually 

increased  in  brightness  until  it  was  at  last  very  luminous,  and  stood  up  like 

a  low  dame,  half  an  inch  or  more  in  height, 

On  touching  tho  sides  of  the  glass  ji»r,  this  lambent  flame  was  affected, 
assumed  a  ring  form  like  a  crown  on  the  top  of  tbfl  bail,  appeared  flexible, 
ami  revolved  with  a  comparatively  slow  motion,  Le.  about  four  or  five  times 

1:1)  Disruptive  discharge  at  positive  and  negative  con- 
ducting surfaces.- — According  in   Funiilav, 
tho    effect    varies  exceedingly  under  diflerent  Fig.  35. 

circumstances.  With  bad  conductors,  or  with 
metallic  conductors  charged  inli-ruiittingly, 
the  luminous  appearance  at  the  end  of  wire 
charged  positively  iwsumes  the  form  of  a  brush, 
ft&d  Ifl    end   of  a  wire   charged   itr- 

gatfveJjt  the  form  of  a  ster,  as  shown  in  Fig.  35. 
But  if  tho  metallic  points  project  freely  into 
the  air  the  positive  and  negative  lights  differ 
very  little  in  appearance, 

1.  If  a  metallic  wire,  with  a  rounded  termination 
in  free  air,  be   used  to  produce  the  brushy  discbarge, 

the  brushes  obtained  when  the  wire  is  1  b 
Lively  ate  very  poor  and  small  by  comparison 
with  those  produced  when  the  charge  is  positive, 

2.  If  a  large  metal  ball  connected  with  the  eiec- 

machiue  be  charged  positively,  and  a  line  un- 
iii-ulaii'l   [mint    he  gradually  brought  towards  it,  a 
star  appears  on  (he  point  when  at  a  considerable  dis- 
tance, which,  though  it  becomes  brighter,  docs  not  change  ils  form  of  star 
until  it  is  close  np  to  the  ball;  whereas,  if  the  ball  be  charged  nejMU 
the  paint  si  >  considerable  distance  has  a  star  on  it  as  before,  but  when 
brought  within  about  ij  inch   a  brush  forms  on  it}  and  when  still  nearer 
(at  i  of  an  inch  distance),  the  brush  ceases  and  bright  sparks  floss. 
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The  successive  discharges  from  a  rounded  metallic  rod  0*3  of  an 
inch  in  diameter  projecting  into  the  air,  are  when  the  rod  is  charged 
negatively  very  rapid  in  their  recurrence,  being  seven  or  eight  times 
more  numerous  in  the  same  period  than  those  produced  when  the 
rod  is  charged  positively  to  an  equal  degree ;  but  each  brush  carries 
off  far  less  electric  force  in  the  former  case  than  in  the  latter. 
Faraday  also  perceived  an  important  variation  in  the  relative  forms 
and  conditions  of  the  positive  and  negative  brush  by  varying  the 
dielectric  in  which  they  were  produced.  Generally  speaking,  when 
two  similar  small  conducting  surfaces  equally  placed  in  air  are 
electrified,  one  positively  and  the  other  negatively,  that  which  is 
negative  can  discharge  to  the  air  erf  a  tension  a  little  loicer  than 
that  required  for  the  positive  ball,  and  when  discharge  does  take 
place  much  more  passes  at  each  time  from  the  positive  than  from 
the  negative  surface. 


CHAPTER  IV. 

The  Ley  den  Phial  and  Battery — Laws  of  Accumulated  Electricity — Velocity 
of  Electricity — Physiological,  Chemical,  and  Magnetic  Effects. 

(22)  Discovery  of  the  Bleotrio  or  ley  den  Phial.— It  was  in 
the  years  1745  an(i  *74-6  *nat  those  celebrated  experiments  which 
for  many  years  drew  the  almost  exclusive  attention  of  men  of 
science  to  the  subject  of  electricity  were  made  by  Kleist,  Muschen- 
broek  and  Cuneus. 

Muschenbroek  and  his  associates  having  observed  that  electrified 
bodies  exposed  to  the  atmosphere  speedily  lost  their  electric l  virtue ,' 
conceived  the  idea  of  surrounding  them  with  an  insulating  sub- 
stance, by  which  they  thought  that  their  electric  power  might  be 
preserved  for  a  longer  time.  Water  contained  in  a  glass  bottle 
was  accordingly  electrified,  but  no  remarkable  results  were  obtained 
till  one  of  the  party  who  was  holding  the  bottle  attempted  to  dis- 
engage the  wire  communicating  with  the  prime  conductor  of  a 
powerful  machine ;  the  consequence  was,  that  he  received  a  shock 
which,  though  slight  compared  with  such  as  are  now  frequently 
taken  for  amusement,  his  fright  magnified  and  exaggerated  in  a 
ludicrous  manner. 

The  following  is  an  extract  from  a  letter  written  by  Von  Kleist 
(who  appears  to  have  been  the  real  discoverer  of  the  electric  phial) 
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Dr.  Lieberkubn  of  Berlin,  dated  Nov.  4., 1 745!  "«d  communicated 
by  Mm  to  the  Berlin  Academy  : — 

•When  a  nail  or  a  piece  of  brass  wire  is  put  into  a  small  apothecary's 
phial  and  electrified,  remarkable  effects  follow;  but  the  phial  must  be  very 
■liy  and  warm:  I  commonly  rub  it  over  beforehand  with  a  finger,  on  which 
I  put  some  pounded  chalk.  If  a  little  mercury,  or  a  few  drops  of  spirits  of 
wine,  ba  put  into  it,  the  experiment  succeeds  the  better. 

•As  soon  as  this  phial  and  nail  are  removed  from  the  electrifying  glass,  or 
the  prime  conductor  to  which  it  bath  been  exposed  is  taken  away,  it  throws 
out  a  panel]  of  flume  90  long  that,  with  this  burning  machine  in  my  hand,  I 
have  taken  about  sixty  steps  in  walking  about  my  room.  When  it  is 
electrified  strongly  I  can  take  it  into  another  room,  and  then  fire  spirits  of 
wine  with  it-  If,  while  it  is  electrifying,  I  put  my  finger  or  a  piece  of  gold 
will)  b  I  hold  in  my  hand  to  the  nail,  1  receive  a  shock  which  stuns  my  arms 
and  shoulders.' 

Musehenbroek  in  a  letter  to  lieHiimiir  describing  the  effect  pro- 
duced 00  himself  "by  taking  the  shock  from  a  thin  glass  bowl, 
'  I  fell  myself  hli'uck  in  toy  arms,  shoulders.,  and  breast.     I  lost  my 
1.  and  it  was  two  days  before  I  recovered  from  the  effects  of 
the  blow  and  the  terror.'     He  adds,  '  I  would  not  take  a  second 
;   for  the  kingdom  of  France.'    A I  lam  and,  on  receiving  the 
.    declared    '  that  he  lost  the  use  of  his  breath  for  some 
minutes,  mid  then  felt  so  intense  a  jinin  along  his  right  arm  thai 
•iired  permanent  injury  from  it,'     WlnMei  stated  that  the  first 
time  he  underwent  the  experiment  'he  sutTered  great  convulsions 
through  his  body;  that  it  put  his  blood  in  agitation  ;  that  he  feared 
an  ardent  fever,  and  wm  obliged  to  have  recourse  to  cooling  niedi- 
11  li  was  the  alanu   with  u  Inch  those  early  electricians 
were  struck  by  a  sensation  which  thaunnndshnvc  1  since  experienced 
in  a  much  more  powerful  manner  without  the  slightest  inconve- 
nience.   11  sitm's  in  show  how  cautious  we  Bhould  be  in  receiving 
the  first  account  of  extraordinary  discoveries  when  the  imagina- 
tion is  likely  to  be  afle 

(13)  Principles  of  the  I.  e  yd  en  Phial.— It  has  been  shown 
(13)  that  a  higher  charge  may  be  communicated  to  the  gold 
leaf  electroscope  whilal  il  is  under  the  influence  of  an  uninsulated 
conductor.  To  illustrate  this  property,  we  have  only  to  bring  the 
a.'  11'  (Fig.  19),  as  close  as  possible  without  touching  to  the 
plate  a  9,  and  communicate  a  charge  to  the  latter;  then  on  re- 
mg  a'  b'  the  accumulation  which  has  been  effected  will  he 
indicated  by  an  expansion  of  the  gold  leaves  considerably  beyond 
the  original  amount. 

When  an  excited  glass  tube  is  brought  near  to  the  cap  of  the 

■scope,  the  second  plate    (connected  with  the   earth)  being 

close  to  it,  the  gold  leaves  do  not  open  nearly  so  much   u  if  lb* 
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second  plate  were  not  there,  because  induction  taking  place  through 
the  intervening;  stratum  of  air  to  the  nearest  body,  viz.,  the  second 
or  wUktoteOtu  plate,  the  electricity  of  the  same  kind  as  that  with 
which  the  cap  of  the  electroscope  is  charged  becomes  diffused  over 
the  earth  (13);  but  when  the  second  plate  is  removed,  the 
leaves  diverge  much  more  than  if  it  had  not  been  there,  because 
the  instrument  has  received  a  higher  charge.  Now  in  this  case 
the  intervening  air  has  received  a  higher  polar  tension,  arising  from 
the  close  proximity  of  the  charged  body  to  a  conductor  to  the 
earth,  the  thinner  the  intervening  stratum  of  air,  the  higher  the 
degree  of  polar  tension  that  may  be  attained,  and  the  nee  of 
is  limited  by  the  mobility  of  the  particles  of  air  in  ron.*er|Utiriee 
of  which  the  electrical  equilibrium  is  restored  either  silently  or  by 
n  spiti-k. 

Now  if  instead  of  a  plate  ot  stratum  of  air  we  employ  a  solid 
tlielevlriv  such  as  glass  or  gutta  percha,  the  tension  which  may  be 
assumed  is  limited  only  by  the  cohesive  force  of  the  dielectric. 
Thus  if  we  place  a  plate  of  glass  or  a  sheet  of  gutta  percha  between 
tWO  circular  pieces  of  tin,  insulate  and  connect  nue  plate  with  the 
prime  conductor  of  an  electrical  machine,  we  shall  have  an  arrange- 
ment precisely  similar  to  the  condenser  (Figs.  1 9  and  10  J,  except  that 
the  intervening  dielectric  is  glass  or  gutta  percha  instead  of  air; 
on  connecting  the  other  plate  with  the  earth  to  destroy  its  polar 
state,  and  working  the  machine,  the  particles  of  glass  will  become 
powerfully  polarized;  and  if  instead  of  connecting  one  of  the  plates 
with  the  earth  we  touch  it  from  time  to  time  with  the  knuckle,  a 
series  of  sparks  will  be  obtained  ;  after  a  time  these  will  cease,  and 
on  removing  the  wire  connecting  the  plate  with  the  prime  con- 
ductor, and  insulating  the  arrangement,  that  plate  will  be  found 
to  be  charged  with  positive  electricity  and  the  other  plate  with 
negative.  If  now  both  plates  be  connected  by  a  curved  metallic 
wire,  the  polar  tension  of  the  glass  or  gutta  percha  will  be  re- 
lieved, and  discharge  will  occur  attended  with  a  vivid  spark  and  a 
loud  snap. 

The  same  effects  will  be  produced  by  coating  both  sides  of  a  plate 
of  glass  with  tin  foil,  leaving  about  i|  inch  all  round  uncovered,  and 
it  is  quite  clear  that  the  surfaces  of  dielectrics  and  conductors  may 
be  arranged  in  different  forms  without  impairing  the  effects.  Glass 
jars  or  bottles  are  found  more  convenient  in  practice  than  squares 
of  glass.  A  glass  jar  or  bottle  thus  coated  with  tin  foil  is  called  a 
Ley  dm  Jar  in  honour  of  the  place  of  its  discovery. 

The  quantity  of  electricity  which  may  be  accumulated  in  a  jar 
depends  upon  the  extent  of  the  coated  surface.  The  intensity  depends 
on  the  thickness  of  the  glass.     But  in  practice  it  is  found  impos- 
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id  diminish  the  HiinTfneM  of  the  glass  beyond  a  certain  cxt'-ni , 
U  I  he  constrained  position  of  iis  polarized  paYtjclaa  IB  mji!  In  iifl$ 
so  high  as  to  destroy  its  cohesive  force  and  the  charge  breaks  its 
way  through  the  glass. 

(2^1  Construction  of  the  ley  den  Phial  — 

Fig.  36  represents  a  Leyden  phial  of  the  usual  construction,  with  the  die 
charging  rod  furnished  with  a  glass  handle  in  the  position  in  which  it  is 
placed  in  the  :ict  of  discharging  ■  jar  by  esla- 
l>lishing  a  metallic  communication  between  the  Fig.  17. 

outer  and  inner  metallic  coatings.  The  wire  which 
passes  through  the  varnished  mahogany  cover  of 
[lie  jar,  is  terminated  at  one  end  by  a  brass  ball, 
and  at  the  other  by  a  chain  reaching  to  the  bottom 
of  the  iar. 

By  the  coaatruetion  shown  in  Fig.  37,  the  in- 
fluence of  external  causes  in  dissipating  the  charge 
of  a  Leyden  jar  may,  to  a  considerable  extent,  be 
prevented.     The  jar  is   coated    with    tin   foil  us 
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usual,  but  a  glass  tube,  lined  internally  to  rather  more  than  half  its  length 
from  the  bottom  nnd  surmounted  with  e   glass  Cap,  is  cemented  firmly  into 

letl  ■■>..  1.     A  communication  is  established  between  the  brass  cap 

and  the  interne!  oooting  by  a  small  brass  wire,  passing  loosely  throng 
and  terminating  in  a  small  knob.  The  wire  touches  the  inside  of  the  glass 
lobe.  The  jar  i>  charged  in  the  usual  manner;  the  wira  may  then  be 
1  ting  the  jar;  the  internal  coating  is  thus  cut  off  from 
contact  with  the  external  air,  and  the  dissipation  of  the  charge  prevented. 
Jars  thus  arranged  have  baen  known  to  retain  their  charge  for  days,  anil 
even  for  weeks. 

Sir  W.  S,  Harris's  method  of  fitting  up  electric  jars  is  shown  in  Fig.  38. 
The  mouths  are  open,  Jind  the  charge  is  conveyed  to  the  bottom  of  the  jar 
0  h,  three-eighths  of  an  inch  in  diameter.    This  tube  ter- 
minates in  a  ball,  F,  of  baked  wood,  and  is  kept  in  its  place  by  a  couvewitM 
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foot  firmly  cemented  to  the  bottom  of  the  jar,  which  is  previously  covered 
With  a  circle  of  pasted  paper,  leaving  ■  central  por- 
tion of  the  coating  free  fur  the  perfect  contact  of 
the  charging  rod  g   h,   which   pstaet   through  the 

h- 

40. 


BS*-  jq. 


centre  of  the  foot,  as  shown  by  the  dotted  lines  in  the  figure.  When  the-jars 
are  employed  singly,  they  should  be  placed  on  a  conducting  base,  supported 
by  short  columns  of  varnished  glass,  so  that  if  necessary  they  may  be  insulated, 

<  15 )  Charging-  and  Discharging  Electrometers. — The  quan- 
;iiy  of  electricity  accumulated  in  ajar  or  battery  (Fijjs.  36  and  4.3) 
may  be  roughly  estimated  by  the  number 

or  more  correctly,  by  the  unit  jar;  its  intensity  may  be  determined 
i].].iixiiiiiitively  by  the  amount  of  repulsion  between  any  two 
moveable  hn.]\>-<  unilcr  its  influence. 

The  instrument  shown  in  Fig.  39  is  known  as  Henley's  Quadrant  Ehvtr'>~ 
meter.  It  consists  of  a  graduated,  semicircle  of  ivorv  a.  fixed  to  a  rod  of 
« 14  From  the  centra  of  a  a  light  index  of  dry  straw  descends,  ter- 
minating in  a  pith-ball,  ami  readilj  movable  on  a  pin.  To  use  it,  it  is 
removed  from  its  stand  and  fixed  in  a  hole  on  the  top  of  the  ball  of  the 
j;ir,  t  ho  charge  of  which  it  is  intended  to  indkato;  as  the  charge  increases 
the  pith-lmtl  ntOYH  from  its  centre  of  suspension  and  measures  the  inlc 
upon  the  graduated  semicircle. 

Fig,  40  represents  the  apparatus  contrived  by  Mr.  Lane  for  regulating  the 

•ions  from  a  I.eydon  phial ;  <i  is  the  prime  conductor,  b  the  jar,  on  the 

'ommunicating  with  the  interior  of  which  is  fixed  the  arm  of  ■    bant 

varnished  glass  rod  c,  and  011  the  end  of  this  is  cemented  the  buss  knob  D: 

ihnmgh  this  ball   the   win  /  d  slides,  so  that  d  may  be  brought   to  any 

reunited  liatance  from  the  knob  of  the  jar  e.     A  simple  inspection  of  the 

figure  will  show  how  this  discharging  electrometer  acts,  and  how  by  in- 

ng  or  lessening  the  distance  between  d  and  e  the  strength  of  the  charge 

may  be  regulated. 
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Fig.  41  represents   OmfkbotHn't   Itafanre   Electrometer.     A   I  ii  1  WOOden 

about  18  inches  long  and  6  broiui,  in  which  ire  fixed  two  glass  sop- 

porta d 0,  mounted,  iviih  brass:  kills;  miller  of  is  a  brass  book.    The  bail  b 

is  made  of  two  hemispheres,  the  under  una  being  fixed  to  the  brass  inount- 

ind  (be  upper  one  turned  with  a  groove  to  shut  upon  it,  so  that  it  can 

be  taken  ulFat  pleasure;  it  is  screwed  to  a  brass  tube  about  four  India  long, 

fitted  on  to  lli-  top  i'f  cj  p  h  is  a  straight  brass  win-,  with   ■  knife-edged 

lie,  placed  a  little  below  the  centre  of  gW  .|us.lly 

balanced  with  a  hollow  brass  boll  at  each  end,  1 1 1  •:-  centre  or  axis  resting 
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upon  a  proper  shaped  piece  of  brass  fixed  in  the  inside  of  the  ball  b;  that 

of  the  hemisphere  towards  h   1-  eul   open   to  permit  that  end  of  the 

.1  till  it  touches  d,  and  the  upper  hemisphere  t>  is  also  cut 

open  ;  the  nrm  g  \»  divided  into  sixty  divisions,  and  is   furnished  with  a 

,  to  be  set  at  the  number  of  divisions  which  the  experiment  requires; 

-'■rewn  upon  the  top  of  b.    The  slider  ia  pi 

■     he  arm  of  0,  so  that  as  - is  g  A  is  out  of  the  horizontal  position, 

nurd  toward*  b,  and  the  ascending  continues  with  an  accelerated 
motion  till  /j  atrikea  d. 
SttppOM  now  the  instrument  to  be  applied   to  a  jar  as  in  tho  Qgfij 

.mention  by  a  wire  or  chain  is  established  between  rand  the 

■;  A  id  screwed  upon  b,  with  its  index  pointing  towards  It, 

charge  in  the  jar  is  thus  shown  :  suppose  the  slider  to  be  ant 

Sfteen  <livisions  or  grains,  it  will  cause  g  to  rest  upon/ with  a  pressure 

njual  to  thai  weight,  as  the  charge  increases  in  tin:  jar  the  ballsy  and  a  be> 

•  nd  more  repulsive  of  each  oilier;  and  when  tins  lone  of  repulsion 

is  sufficient  to  raise  fifteen  grains,  the  ball  g  ri««*,  the  slider  moves  towards  o, 

and  the  ball  A  coming  into  contact  with  d  discharges  the  jar ;  and 
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Fig.  4*. 


force  of  repulsion  depends  upon  the  intensity  of  the  charge,  the  weight  it 
has  to  overcome  afford*  a  measure  Of  this  intensity  and  enables  the  experi- 
menter to  regulute  the  amount.  Suppose  the  slnler  to  be  set  at  five  grains, 
and  we  wish  to  double  the  accumulation  of  electricity  in  tlie,  jar  or  battery, 
the  slider  must  be  s.  1  to  twenty  grains,  the  electrical  force  being  the  square 
of  the  quantity  of  electricity  accumulated. 

Henley's  Universal  Dischargtr, — A  very  useful  apparatus  far  directing  with 
precisioo  the  charge  of  :t  jtir  or  battery  is  shown  in  Fig.  42.  It  consists  of 
a  wooden  stand  with  a  socket  fixed,  in  the  centre,  to  which  mav  bo  occa- 
sionally adapted  a  small  table,  having  a  piece  of  ivory  (which  is  a  non- 
conductor) inlaid  on  its  surface.    The  table  may  be  raised  and  kept  to  a 

proper  height  by  means  of  a 
screw  1.  Two  gloss  pillars,  v  p, 
are  cemented  into  the  wooden 
stand.  On  the  tup  nl"  each  of  the*.- 
pillars  is  fitted  a  brass  cap,  hav- 
ing a  ring,  11,  attached  to  it. 
containing  a  joint  moving  both 
vertically  and  borizon tally,  and 
carrying  on  its  upper  part  a  spring 
lube,  admitting  o  brass  rod  to  slide 
through  it.  Each  of  these  rods  is 
terminated  at  one  end  either  by  ■ 
brass  Lull  o.  A  screwed  on  a  point, 
or  by  a  pnir  of  brasB  forceps,  and 
is  furnished  at  the  oilier  extremity  with  n  brass  ring  or  11  handle  of  solid 
glass.  The  body  through  which  the  charge  is  intended  to  be  sent  is 
placed  on  the  table,  and  the  Bidding  rods,  which  are  moveable  in  every 
direction,  are  then  by  means  of  the  handles  brought  into  contact  frith  the 
opposite  sides;  and  one  of  the  brass  caps  being  connected  with  the  outside 
of  the  jar  or  battery,  the  other  may  be  brought  into  eommnnicatfon  with  the 
inner  coatings  by  means  of  a  common  discharging  rod  (Fig.  36).  For  some 
experiments  it  is  more  convenient  to  fix  the  substance  on  which  the  experi- 
ment is  to  he  nuule  in  a  mahogany  frame  P,  consisting  of  two  small  boards 
which  can  be  pressed  together  by  screws,  and  which  may  be  substituted  for 
the  tabic.  In  either  of  tbQM  ways  the  charge  can  be  directed  through  any 
part  of  the  substance  with  the  greatest  accuracy. 

(z6)  The  leyden  Battery. — Where  several  jars  are  electrically 
united  together  the  arrangement  is  called  an  Electrical  Battery. 
Fig.  43  represents  such  an  apparatus.  It  consists  of  fifteen  jar?, 
the  inside  coalings  of  ftll  01  which  are  metallically  connected  by 
brass  rods,  and  the  bottom  of  tin-  boa  in  which  they  istiiiul  beine 
lined  with  tin.  foil,  secures  a  continuous  conducting  surface 
!  n  tin'  exterior  coatings.  The  battery  ia  shown  with  a  C"lh- 
bwtson's  HalaiK-r  Electrometer,  and  an  apparatus?  for  deflagrating 
metallic  wires  attached.  It  is  charged  in  the  same  maimer  as  a 
simple  jar,  by  connecting  the  metallic  rods  in  communication  with 
the  inside  coatings  with  the  prime  conductor,  as  shown  in  the 
figure,  the  metallic  lining  of  the  box  being  in  good  communication 
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i -iiln-T  with  the  negative  conductor  or  with  a  good  discharging 
train.     Harris  prefers  to  dispose  the  jars  round  a  common  centre, 
that  centre  being  in  communication,  with  the  prime  conductor,  and 
ke  other  jara  being  in  connection  with  it  and  with  each  other. 

Fig.4J. 


By  thus  multiplying  the  number  of  Java,  we  have  it  in  our  power 
to  accumulate  electricity  to  au  extent  hunted  only  by  the  charging 
power  employed.  A  prodigious  apparatus  was  constructed  towards 
the  end  of  the  last  century  by  (Juthbertsonfor  the  Tylerian  Society 
at  Haeilem.  It  consisted  of  too  jars,  each  of  5^  square  feet,  bo 
that  the  total  amount  of  coated  surface  was  550  square  feet.  This 
battery  when  charged  with  a  very  powerful  machine  produced  the 
most  astonishing  etfects.  It  magnetised  large  steel  bars,  rent  in 
of  boxwood  4  inches  square,  melted  into  red  hot 
rlobules  iron  wires  25  feet  long  and  i^th  of  an  inch  in  diameter, 

id  dissipated  in  a  cloud  of  blue  smoke  tin  wires  8  inches  long 

id    '-th  of  an  inch  in  diameter. 
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The  management  of  large  electrical  batteries  require*  consider' 
able  caution,  as  the  discharge  of  a  far  smaller  extort  of  coated 
surface  ilinii  tlml  juat  described  through  the  body  of  the  ojn 
would  be  attended  with  disagreeable  consequences ;  by  employing 
the  ingenious  balance  electrometer  of  Coulomb  all  danger  is 
avoided. 

(27)  Return  Cnarge. — After  ajar  oc  battery  has  been  cb:i 
for  Bonn.'  tiiiR-  and  then  discharged,  it  is  found  llfiit  it  will  spon- 
taneously recover  its  charge  to  a  certain  extent.  This  assumption 
for  .1  time  of  a  charged  state  of  the  glass,  and  which  gives  ri 
I  in-  phenomenon  called  return  charge,  is  referred  by  Faraday  to 
the  actual  penetration  of  the  charge  to  some  distance  within  the 
glass.  Under  the  coercive  influence  of  the  forces  concerned,  a 
portion  of  the  positive  and  negative  forces  penetrate.-  nnd  takes  up 
a  position  within  the  dielectric,  and  being  thus  nearer  to  each 
other,  their  unit  mil  iniiuctimi  will  be  greater  ami  their  external 
induction  less  than  when  separated  by  the  whole  thickness  of  the 
dielectric,  l)n  the  discharge  of  the  jar  or  battery  taking  place, 
the  forces  by  which  the  electric  charge  was  driven  into  the  glass 
are  removed,  and  the  penetrated  electricity  slowly  returns  to  the 
exterior  coatings.  The  experimenter  should  be  on  his  guard 
against  the  effects  of  this  residual  charge  when  operating  with 
large  batteries.  Faraday  noticed  the  phenomenon  with  shell  la, ■■. 
•rved  it  also  with  t»tlphnr  and  xptrrm 

(z8)  Spontaneous  Explosion. — The  tendency  of  jars  to  spon- 
taneous explosion  when  very  clean  and  dry  may  he  diminished  by 
pasting  a  slip  of  writing  paper,  about  one  inch  broad,  on  the  inner 
Burface  of  the  jar,  so  as  to  cover  the  uncoatcd  interval  to  the 
height  of  half  an  inch  above  the  upper  edge  of  the  inner  coating. 
The  action  consists  according  to  Singer  (Element*  of  Electrio&fjf, 
p.  135)  in  a  gradual  diminution  of  the  intensity  of  the  charge  at 
that  part  from  which  it  has  the  greatest  tendency  to  explode,  by 
an  extension  of  the  charged  surface  through  the  medium  of  an 
imperfect  conductor.  It  was  remarked  by  Cuthbertson  in  1792 
that  jars  the  inside  of  which  were  a  little  damp  would  take  a 
higher  charge  than  they  could  do  when  quite  dry.  He  found — 
That  a  jar  containing  168  square  inches  of  coat  four,  made  very  dry  and 
arranged  with  his  balance  electrometer,  and  eight  indies  of  watch  pendulum 
wire  included  in  the  circuit,  discharged  spontaneously  without  affecting  ike 
separation  of  the  halls  when  the  slider  was  set  at  thirty  degrees;  but  that 
when  the  inside  of  the  jar  was  moistened  by  breathing  into  it  no  spontaneous 
explosion  occurred,  hut  the  discharge  look  place  through  the  electrometer 
fusing  the  wire  into  balls, 

(29)  Experimental  Illustrations  or  trie  Effects  or  Accumu- 
lated Electricity, — The  phenomena  attending  the  charge   and 
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(U^charga  of  coated  glass  are  illustinti-.l  in  the  following  c\; 

uieiits: — 

i.    OppOtik  ■h.'hi.-.i!   slate*   of  thr   inner  and  outer  a>ulini/*,—  Let   u   bCnC 
metallic  wire  A,  term  inn  tins  in  a  knob  e,  be  attached  to  the  exterior  of  u 
jar  a,  so  that  c  anil  tin-  ball  d  of  the  jar  are 
in  ttie  same  line-     Lot   a  small   pith-ball  be 
suspended  hy  a  silk  thread    exactly   midway 

t  ween  the  two  balls.   The  jar  being  charged, 
the  pith-ball  will   be   ;  attracted 

by  ./,  and  then  repelled  to  c;  ap;uiu  attracted 
by  rl,  and  again  repelled  to  c;  and  this  will 
continue  for  a  considerable  lime.  When  the 
motion  haa  ceased,  let  the  digchtrging-rud  be 
applied  to  the  jar  in  the  manner  shown  in 
Fig.  36.  No  spark  or  snap  will  result,  proving 
that  the  jar  has  been  silently  discharged  by 
the  pith- ball  *,  the  motion  of  which,  between 
(I  and  .',  showing  also  the  opposite  electrical 
states  of  the  two  bulls,  and  consequently  of 

the  OUI  '<-r  coatings.     The  .same  kind  of  experiment  may  be  made 

with  the  electric   belt*  (Fig.  45).     Place   the  charged  jar  on  an  insulating 

and  make  a,  communication  between  its 
interior  and  the  insulated  frame  of  the  betlB. 
The  twi  1  ex  I  erior  bells  are  suspended  by  metal- 
lic chains,  but  the  central  bell  with  the  two 
clappers  hnngfrom  silken  threads,  tho  middle 

bell  i.«  connected  With  tin.-  earth  by  a  chain; 
1  tilt- outside  of  the  jar  is  connected 
with  the  earth  the  clappers  will  be  set  in 
motion  :  then  by  touching  the  exterior  coating 
from  lime  to  time  with  the  linger,  the  bells 
may  be  made  to  ring  at  pleasure 

ir  Licktmburgh't  Figures.  —  Make  the  re- 
cinonscaker.it  (in  clef  miphorus  (Fig.  is,  p.  13) 
dry  and  warm,  draw  lines  on  it  with  the  knob 
of  a  positively  charged  jar,  and  sift  over  these 
places  a  mixture  of  sulphur  and  red  lend;  011 
inclining  the  plate  so  as  to  allow  tho  powder 
to  fall  on",  every  line  marked  by  the  knob  of 
the  jur  will  be  observed  tit  be  covered  with  the  sulphur,  while  the  red 
lead  will  be  dispersed.  If  the  same  experiment  be  made  with  a  jar  charged 
lite  Mgatift  conductor,  the  sulphur  will  be  dispersed,  and  the  red 
lead  will  be  collected.  The  reason  is  this;  the  sulphur  anil  red  lead,  by 
the  friction  to  which  they  have  been  subjected,  are  brought  Into  opposite 
electrical  states;  the  sulphur  is  rendered  negative  and  the  red  lead  positive, 
so  that  when  the  mixture  is  made  to  fall  on  surfaces  possessing  one  or  the 
Other  electricity  in  a  free  state,  the  sulphur  will  be  collected  on  the  positive, 
end  the  red  lead  on  the  negative  portions  of  the  plate,  according  to  the  well- 
known  laws  of  Attraction  and  repulsion. 

This  beautiful  experiment  may  be  varied  by  tracing  various  lines  on  a 
smooth  plate  of  glass  with  the  knob  of  a  jar,  charged  first  positively  and 
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then  MgN  lively,  on  gently  dilating  the  surface  with  ■mixture  of  sulphur 
and  red  lead,  a  series  of  red  and  yellow  outlines,  known  as  Lichtcnhergh's 
llgures,  will  be  formed. 

3.  free  Charge. — Provide  a  jnr,  the  exterior  coating  of  which  is  moveable. 
Charge  this  jar  in  the  usual  manner,  and  then  place  it  <m  an  insulating  stand; 
toaefa  the  took  from  time  to  time  with  a  conducting  body,  the  whole  charge 
will  thus  ultimately  be  removed,  and  the  glass  will  be  brought,  to  its  natural 
alate.  Now  charge  the  jar  again,  remove  the  outer  coaling,  and  replace  it 
on  the  insulating  stand ;  in  this  state  it  will  retain  its  charge  for  an  inde- 
finite period.  The  reason  of  this  is,  that  the  wire  by  which  the  charge  is 
communicated  to  the  interior  coating  being  left  attached  to  it,  induction 
does  not  take  place  solely  through  the  glass  to  the  opposite  coating,  bat  is 
partly  directed  through  the  air  to  surrounding  conductors.  This  portion  is 
usually  called  'free  charge/ and  on  removing  this  by  touching  the  knob 
with  a  conducting  body,  a  corresponding  portion  of  free  charge  of  the  opposite 
kind  makes  its  a  [insurance  on  the  outside  coating,  owing  to  the  induction, 
which  in  now  at  liberty  to  direct  itself  from  that  part  to  surrounding  objects. 
But  when  the  exterior  coating  is  removed,  the  induction  is  fatormiMd 
entirely  through  the  glass,  and  the  charge  on  one  side  is  sustained  by  an 
exactly  equal  quantity  of  the  contrary  electricity  on  the  other;  all  inter- 
ference with  the  surrounding  objects  is  thus  cut  off. 

4.  Jars  charged  by  catcadc— Let  a  series  of  jars  he  arranged  on  insulating 
stands,  as  shown  in  Fig.  46,  taking  care  to  establish  a  good  electrical  con- 

I'ig.  46. 


nection  between  the  outside  of  the  last  jar  and  the  earth;  for  every  spark 
that  passes  between  the  prime  conductor  and  the  ball  of  the  first  jar,  sparks 
will  pass  between  the  outside  of  that  jar  and  the  ball  of  the  second,  between 
the  outside  of  the  second  and  the  ball  of  the  third,  and  so  on  :  after  a  time 
all  the  jars  will  be  charged,  and  each  maybe  discharged  singly,  or  the  whole 
may  be  so  connected  as  to  produce  one  discharge,  the  force  of  which  shall  be 
equal  to  the  sum  of  all  the  separate  ones.  For  this  purpose  the  jura  are 
placed  upright  on  one  common  conducting  basis,  and  their  inner  coatings 
metallically  connected  together,  the  whole  series  may  than  be  discharged 
precisely  as  a  single  jar. 

Mr.  Baggs  has  described  a  method  of  charging  and  placing  the.  jars  by 
which  a  disruptive  spark  of  unusual  length  and  brilliauey  is  produced.  The 
jars  are  charged  separately  and  to  the  same  degree  of  intensity,  then  placed 
quickly  in  series  of  positive  and  negative  surfaces  very  near  to  each  other 
but  not  touching. 

The  method  of  charging  a  series  of  iars  'fry  cascade'  was  invented  by 
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Franklin,  to  illustrate  his  theory,  that  when  a  jjir  is  charged,  it  contains 
really  no  more  electricity  than  it  did  before,  and  that  during  the  act  of 
chanting  the  same  quantity  of'Jire'  was  thrown  out  of  one  side  of  the  glass 
as  was  thrown  on  the  other  siile  from  the  conductor  or  the  machine. 

5.  Thr  luminous  or  diamond-spoiled  jar.— Let  a  large  jar  be  mated  in  the 
manner  shown  in  Fig.  47.  The  tin-foil  is  cut  in  pieces,  each  about  one  inch 
square,  and  perforated  with  a  hole  about  four- 
tenths  of  an  inch  in  diameter.  These  pieces 
are  pasted  on  both  sides  of  the  ghiss.  go  that 
the  diagonals  of  the  squares  are  arranged 
horizontally  and  vertically,  their  points  being 
separated  about  ~  of  an  inch  outside,  and  in 
the  inside  the  points  nearly  touching  one 
another  at  the  centres  of  the  circular  holes  of 
the  outer  squares.  During  the  charging  of 
the  jar  the  sparks  are  seen  jumping  from  one 
metallic  surface  to  the  other;  und  when  the 

,i  ^charged,  every  part  of  the  jar  witbia 
the  boundaries  of  the  metallic  spangles  he- 
comes  momentarily  illuminated,  presenting  in 
a  darkened  room  a  brilliant  appearance,  ami 
furnishing  a  beautiful  illustration  of  the  theory 
pf  the  Lcyden  phial. 

6.  The  charge  re$ide$  cm  i'i*  0]>p/)sitt  lidtt  of 
flaMB,  —  To  demonstrate  this  let  it  jar  he 

provided  with  moveable  Coatings,  the  who 
communicating  with  the  interior  coating  pass- 
ing through  a  glass  tube,  by  which  it  in.iv 
be  removed  from  the  jar  without  touching  the 
metal ;  or  let  it  be  curved  in  the  upper  part  so 
thai  it  may  be  removed  by  a  booked  wire  at- 

tached  to  a  glass  handle.  Let  the  jar  be  charged  in  the  usual  manner,  then 
let  the  inside  coating  be  carefully  withdrawn,  and  having  set  it  aside  let  the 
jar  be  inverted  uponsotne  badly  conducting  body,  such  as  the  table  cloth,  and 
let  the  exterior  coating  be  removed  ;  then  on  applying  the  discharging  roil  tit 
the  two  coalings,  or  taking  them  in  the  hands,  no  spark  or  shock  will  be 
produced,  proving  them  to  be  free  from  electrical  charge.  Let  theni  now  be. 
replaced  in  the  jar,  and  complete  the  circuit  with  the  discharging  rod,  dis- 
sinpauied  with  the  nsual  phenomena  will  result,  proving  that  the 
charge  of  the  phial  is  dependent  on  the  dielectric  glass,  and  that  the  use 
of  the  coatings  is  to  furnish  a  ready  means  of  communication  between  the 
charged  particles. 

7.  faiperfal  mechnuicul,  heating,  and  luminous  effects. — (1 )  Place  a  thick 
card  or  some  leaves  of  a  book  against  the  outer  coating  of  charged  L03  In 
phial,  or  between  the  knobs  of  the  universal  discharger,  pass  the  explosion, 
the  discharge  will  pass  through  the  paper  or  card,  perforating  it  and  pro- 
ducing a  burr  or  proiruaioti  in  both  directions,  as  though  the  force  producing 

1  acted  from  the  centre  of  the  card  outwards;  or  insert  two  wires  into 
piece  of  wood  about  half  an  inch  long  and  a  quarter  of  an  inch  thick,  so 
iwit  the  ends  of  the  wires  within  the  wood  may  be  about  1  of  an  inch  apart, 
■    through   the  wires,  and    the  wood  will  split  with 
E 
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violence ;  or,  hang  two  curved  wires,  provided  with  a  knob  at  each  end,  in  a 
wine  glass  nearly  full  of  water,  as  shown  in  Fig.  48,  so  that, the  knobs  shall 
be  about  half  an  inch  asunder,  connect  a 
with  the  outer  coating  of  a  large  Leyden 
phial,  and  b  with  the  inner  coating  by  means 
of  the  discharging  rod,  when  the  explosion 
takes  place  the  glass  will  be  broken  with 
violence ;  or,  place  a  piece  of  stout  glass 
between  the  boards  of  the  press  of  the 
universal  discharger,  and  send  a  powerful 
charge  through  it,  the  glass  will  not  only 
be  broken,  but  portions  of  it  even  reduced 
to  powder. 

(2)  Tie  some  tow  loosely  round  one  of  the  knobs  of  the  discharging  rod, 
and  dip  it  in  powdered  resin,  place  the  naked  knob  in  contact  with  the  out- 
side of  a  charged  phial,  and  bring  the  other  quickly  in  contact  with  the  ball 
connected  with  the  inner  coating,  discharge  will  take  place  and  the  resin 
will  burst  into  a  flame. 

(3)  Place  some  gunpowder  in  the  insulated  wooden  cap  A,  Fig.  49,  and 

bring  immediately  over  it  the  brass  ball  6, 
which  moves  on  a  ball  and  socket  joint  on 
the  top  of  a  glass  pillar,  connect  the  chains 
c  d  with  the  outer  and  inner  surfaces  of  a 
charged  Leyden  phial,  discharge  takes 
place  and  the  gunpowder  is  inflamed. 

Gunpowder  cannot  be  inflamed  by  a 
discharge  through  good  conductors,  in  con- 
sequence of  the  enormous  velocity  with 
which  electricity  travels  (280,000  miles  in 
a  second,  according  to  the  experiments  of 
Wheats  tone) ;  this  may  be  proved  by  plac- 
ing some  powder  on  the  ivory  slip  of  the 
universal  discharger,  Fig.  42,  and  causing 
an  explosion  from  a  charged  Leyden  phial 
to  pass  through  it ;  the  powder  will  be  scattered  in  all  directions,  but  not 


«g-  49- 


Fig.  jo. 


EFFECTS    OF    ACCUMULATED    ELECT15IC  ITW 


51 


ignited.  It  now  some  gunpowder  be  placed  in  a  sniull  ivory  inorliir,  Its 
shown  in  Fig.  50,  and  the  circuit  interrupted  by  ten  or  twelve  inches  of  water 
in  a  porcelain  li.isin,  it  will  be  llred  OP  di.-whargicg  the  jar  through  it,  be- 
cause of  tiu  retarding  influence  of  the  imperfectly  conducting  water. 

(4)  Arrange  five  or  six  eggs  in  a  straight  line,  and  in  contact  with  each 
other,  they  will  become  luminous  on  passing  a  smn.ll  charge  through  Ebon, 
The  following  substances  are  rendered  phosporescent  for  a  time  by  the  ti 
mission  of  the  electric  spark  through  them,  acquiring  various  colours-,  viz. 
'•Iiiilk,  orange  ;  rock-crystal,  first  red  then  white;  sulphate  of  barium,  bright 
green  ;  calcined  oyster  shells,  the  prismatic  colours  j  loaf  Agar,  green. 

S.   Deflairrutinn  of jnr.iuh. — Let  ii  slip  of  tin -fid  I  or  of  gold  leaf  be  placed  be- 
tween two  piece*  of  paper,  allowing  the  ends  to  project,  and  let  the  who 
(irmly   pressed  together   between  the  boards  of  the  press  of  the  uiiivcr-'i1 
discharger,  transmit  the  shock  of  a  large  highly  charged  jar  through  it. 
the  rnetaji  will  be  burnt;  if  gold  leaf  be  employed,  the  paper  will  be  r 
stained  of  a  purplish  blue  colour. 

For  deflagrating  metallic  wires,  the  battery  is  required;  the  arrangement 
>wn  in  Fig.  43.     The  wires  are  stretched  above  sheets  of  white  paper, 
and  powerful  discharges  sent  ihrough  them.    The  results  are  exctt  1 

1 1  fill — the  wires  disappear  with  a  brilliant  flash,  leaving  different  coloured 
impressions  on  the  paper,  e.g.- — 


Diameter  of  wire. 

Colour  produced. 

Gold  wire     . 

-     T^l°f 

an  inch 

-    Purple  and  brown. 

Silver  . 

1 
•      j .  ) 

,. 

.    Grey,  brown,  and  green. 

Platinum      . 

Ir.ij 

•  . 

.    Grey  and  light  brown. 

f 

1 

i« 

.    Green,  yellow,  and  brown 

Iron 

1. 

»i 

.     Light  brown. 

Tin      . 

1 

•      ran 

M 

.    Yellow  and  grey. 

Bbc    . 

1 

>l 

Dart  brown. 

Lead     . 

1 

N 

.      flruwii  and  blue  giv; 

Brass   . 

i 
En 

.. 

Purple  and  brown. 

9.  Eijirnlilu  of  tilt  Electricity  <w  the  inner  and  miter  surface*. — Let  a  plate 
of  coated  glass,  s,  Fig.  51,  be  placed  vertically  on  a  stand,  and  let  two  pith- 
bull  electroscopes,  p  11,  be  attached  to  the  coatings,  Bring  the  coating  r  into 
1  !t  with  the  prime  conductor,  the  coating  x  being  In  good  conducting 
1  otnmnnicfttfon  with  the  ground  As  the  charging  proceeds,  the  ball  p  will 
be  repelled  by  tbi  city  off,  while  the  ball   u  retains  its  original 

ion.  On  allowing  the  apparatus  to  remain  undisturbed  for  some  time, 
M  electricity  of  p  will  be  gradually  dissipated,  and  the  ball  p  will  drop 
into  its  original  position-  Now  charge  the  plate  again,  and  immediately  cut 
off  the  communication  between  S  and  the  ground.  The  ball  p  will  slowly 
descend  towards  r  as  before,  bat  at  the  same  time  a  will  begin  to  rise,  and 
by  the  time  ^1  has  reached  the  position  a,  n  will  have  risen  to  A,  the  angle 
between  tho  balls  being  about  tho  same  as  at  first.  Both  balls  will  then 
slowly  sink  till  the  charge  is  lost  by  dissipation.  If  during  the  descent  of 
1  lifl  I  alls  we  touch  n,  the  ball  n  will  suddenly  sink,  andp  will  aa  suddenly 
v  an  equal  amount  on  removing  tho  ringer  from  n  ;  p  will  fall  and  n  will 
rise  to  nearly  their  former  places,  and  the  slow  descent  of  both  will  recom- 
mence,    The  same  thing  will  happen  if  we  touch  p ;  p  will  fall  down  cAwse, 
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to  the  plate  and  n  will  rise,  and  so  on :  and  these  alternate  touchings  of  the 
coatings  may  be  repeated,  a  great  many  times  before  the  plate  is  discharged. 

In  order  to  understand  this  instructive  experiment,  it  must  be 
remembered  that  as  long  as  n  is  in 
communication  with  the  ground  it 
cannot  retain  any  free  electricity, 
and  therefore,  under  these  circum- 
stances, the  ball  n  can  never  be  re- 
pelled; but  as  the  free  electricity 
on  p  is  dissipated,  a  corresponding 
portion  of  the  opposite  electricity 
must  be  liberated  from  n  and  escape 
to  the  earth;  and  this  action  must 
go  on  till  the  entire  charge  is  lost 
But  when  both  surfaces  are  insulated, 
or  the  free  electricity  of  p  is  dis- 
sipated, a  corresponding  quantity  of 
the  opposite  electricity  is  liberated 
as  before  from  n;  but  as  it  cannot 
now  escape  to  the  earth,  it  becomes 
free  electricity,  and  repels  the  elec- 
troscope n.  But  this  free  electricity 
becomes  gradually  dissipated,  and 
thus  the  entire  charge  is  after  a  time 
lost. 

The  same  general  principles  may 
be  illustrated  with  a  Leyden  jar 
thus:  let  the  jar  (the  outer  coating  of  which  is  a  little  higher 
than  the  inner)  be  charged,  and  its  ball  and  rod  be  immediately 
removed  by  a  silk  thread ;  now  apply  a  carrier  ball  to  either  the 
inside  or  the  outside  coating;  no  signs  of  electricity  will  be 
obtained,  the  two  forces  being  entirely  engaged  to  each  by  induc- 
tion through  the  glass.  Now  insulate  the  jar,  and  restore  the  ball 
and  rod.  Under  these  circumstances  induction  will  take  place 
through  the  air  towards  external  objects,  the  tension  of  the 
polarised  glass  will  fall,  and  the  parts  projecting  above  the  jar 
will  give  electrical  indications  and  charge  the  carrier ;  at  the  same  • 
time  the  outside  coating  will  be  found  in  the  opposite  electrical 
state.  Again,  place  a  cylinder  of  wire  gauze  on  a  plate  of  shell  lac, 
and  over  it,  but  not  resting  on  the  lac,  another  similar  but  larger 
cylinder ;  these  cylinders  correspond  with  the  coatings  of  a  Leyden 
jar,  the  glass  of  which  is  represented  by  the  intervening  dielectric 
air ;  let  a  small  charge  of  electricity  be  conveyed  from  the  prime 
conductor  of  an  electrical  machine  to  the  inner  cylinder,  by  means 
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Fig-  51. 


a  brass  ball  suspended  by  a  silk  thread.  On  now  ton 
J  inner  coating'  of  the  inner  cylinder  with  a  disc  of  gilt  paper 
insulated  by  a  stick  of  lftC,  and  then  examining1  tta  condition  by  the 
electroscope,  it  will  bo  found  to  be  neutral;  hut  011  passing  the 
proof  plane  between  the  two  cylinders  and  touching  the  (niter 
coating  of  tin-  iiimr  one,  it  Wings  away  a  charge  of  positive 
electricity.  In  like  manner  on  touching  the  outer  side  of  the  miter 
cylinder  do  electricity  is  obtained,  but  from  the  inner  side  a  tupatiM 
charge  is  transfer  red  to  the  dine,  which  ■  sensible  by 

bringing  the  latter  into  contact  with  the  electroscope. 

10.  Rctitttmrt  ti<  the  transmission,  pf  Electricity  even  hij  the  bill  Conductor!  ; 
Lateral  Induction. — Let  a  long  copper  wire,  having  nt  the  end,  m,  a  metallic 
ball,  be  suspended  in  the  air;  let  its  end,  c,  be  connected  whh.  the  earth, and 
let  the  part  near  m  and  e  be  brought  within  half  an 
€  each  other  At  n  now  let  a  Leyden  phial  be 
discharged  through  the  wire  by  connecting  iti  out- 
side with  e  and  its  inside  with  in,  a  bright  spark  will 
appear  at  s,  because  with  a  great  length  of  wire  the 
resistance  b  WnnilWHllslUll  until  it  becomes  M  great, 
or  even  greater,  than  that  of  the  air  i"»r  electricity  of 
Mgfa  intensity.  Let  a  variation  be  introduced 
into  the  experiment ;  and  the  interval  at  1  being  so 
adjusted  that  the  sparks  freely  pass  there  on  dis- 
charging the  jar  through  the  wire,  let  the  wires  n 
ando  be  connected  with  the  inside  and  outside  coat- 
ings of  a  second  insulated  jar.  Under  these  circunw 
stancea  no  spark  will  appear  at  t,  because,  in  conse- 
quence of  the  lateral  induction  momentarily  allowed 
liy  the  interposition  of  the  jar  between  the  side  wires, 
the  intensity  is  lowered,  and  the  quantity  of  eleo 
agb  always  the  same,  is  not  sufficient  lo 
Strike  ICrOM  the  interval  at  s,  but  if  linully  occupied 
altogether  in  the  wire,  which,  in  a  little  longer  time 
than  I  Beets  the  whole  discharge. 

It  is  to  ti  ■■'  induction'  tlmt  certain 

Icable  phenomena  observed  some  years 
ago  by  Mr.  Latimer  Clarke,  at  the  works  of  the  Electric  Telegraph 
Company,  are  according  to  Faraday  to  be  ascribed. 

When  contact  was  made  between  the  free  end  of  an  insulated 
i  v  voltaic  battery  nod  one  end  of  100  miles  of  0  submerged 
talegraghic  cable  covered  with  gntta  percha,  the  outer  end  of  the 
battery  being  in  communication  with  the  earth,  it  was  found  that 
utter  the  contact  had  been  broken  for  two  or  three  minutes  a  smart 
•bock  could  he  received  by  a  person  touching  the  wiw  ;  1  fuze 
could  be  Brad,  and  the  galvanometer  powerfully  affected.  The 
submerged  wire  became  in  fact  an  immense  Leyden  battery,  and 
irged  <eVtrV<  ally  by  the  electricity  of  the  voltaic  battery,  and 
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acting  by  induction  through  the  gutta  percha  produced  the  opposite 
state  on  the  surface  of  the  water  touching  the  gutta  percha,  and 
forming  the  outer  coating.  The  intensity  of  the  static  charge 
acquired  is  only  equal  to  the  intensity  at  the  pole  of  the  battery, 
but  the  quantity,  because  of  the  immense  extent  of  the  coated 
surface,  is  enormous,  hence  the  striking  character  of  the  results. 
The  reason  why  no  such  effects  are  obtained  in  a  wire  suspended 
in  the  air  is  simply  because  there  is  in  this  case  no  outer  coating 
corresponding  to  the  water,  and  as  therefore  there  is  no  induction, 
so  the  inner  wire  cannot  become  charged.  But  precisely  similar 
phenomena  are  exhibited  by  subterranean  wires  covered  with  gutta 
percha  and  enclosed  in  metallic  tubes. 

(30)  Tree  Charge  and  dissimulated  Electricity. — The 
charge  upon  an  insulated  conductor  in  the  middle  of  a  room  is  in  the 
same  relation  to  the  walls  of  that  room  as  the  charge  upon  the  inner 
coating  of  a  Leyden  jar  is  to  the  outer  coating  of  the  same  jar: 
one  is  not  more  free  or  dissimulated  than  the  other;  and  when  we 
sometimes  make  electricity  appear  where  it  was  not  evident  before, 
as  upon  the  outside  of  a  charged  jar,  when  after  insulating  it  we 
touch  the  inner  coating,  it  is  only  because  we  divert  more  or  less 
of  the  inductive  force  from  one  direction  into  another,  for  not  the 
slightest  change  is  in  such  circumstances  impressed  upon  the 
character  or  action  of  the  force,  and  the  terms  'free  charge'  and 
'  dissimulated  electricity '  convey  erroneous  notions  if  they  are  meant 
to  imply  any  difference  as  to  the  mode  or  kind  of  action/  The 
difference  between  electrical  accumulation  on  coated  glass  and  that 
on  simple  conductors  is  only  in  degree  of  effect,  the  laws  incidental 
to  the  electrified  substance  remain  the  same. — {Faraday.) 

(31)  Lateral  Discharge. — If  a  charged  jar  be  placed  on  an 
insulating  stand  and  discharged  in  the  usual  manner  by  a  dis- 
charging rod,  at  the  moment  of  discharge  a  small  spark  will  pass 
between  the  outer  coating  and  a  body  in  communication  with  the 
earth.  When  a  jar  is  discharged  by  a  curved  wire  held  in  the 
hand,  without  an  insulating  handle,  a  slight  shock  is  frequently 
felt  in  the  hand  that  grasps  the  wire ;  and  if  a  chain  be  laid  on  the 
table  with  one  end  touching  the  outside  of  a  charged  jar,  it  will 
become  illuminated  on  the  discharge  of  the  jar,  although  it  forms 
no  part  of  the  circuit. 

These  effects  are  due  to  what  is  termed  the  '  lateral  discharge,' 
and  are  occasioned  by  a  small  excess  of  free  electricity,  which 
distributes  itself  over  a  discharging  surface,  when  a  charged  system 
is  discharged  or  neutralised.  When  a  jar  is  charged,  the  accumu- 
lated electricity  is  never  exactly  balanced  between  the  opposed 
coatings,  so  that  there  will  always  be  an  excess  of  positive  or 
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negative    electricity  over  the  neutralising-  quantities   themselves 
(lisjui^cil  mi  the  coating's  of  the  jar. 
The  following  experiments  will  convey  n  good  deal  of  information 

respecting  the  lintiiiv  of  the  §Q-Clllled  hitmtl  rlinchiirrir  (ILirri.i)  ; — 

i.  Let  the  jar  J,  Fig-  53.  be  charged  pviitieefy,  removed  from  Lhi 
nnd  insulated  ;  under  litis  condition  discharge  it.     When  discharged,  let  the 
electrical  state  of  the  knob  m,  discharging  conductor  e  c.  and  outer  coating  j 

FiU-  53- 


J^3- 


be  examined;  they  will  all  he  found  in  the  same  electrical  state,  which  state 
will  be  that  exhibited  by  the  outer  coating  and  knob  while  charging,  and 
mall  residuary  charge  will  be  plug. 

2.  Let  the  jar  he  charged  as  before;  but  before  discharging  it,  withdraw 
the  free  electricity  from  the  knob.    The  electrical  state  of  the  ooatlna 

dlgu  v. iJ   now  be  changed,  and  the  small  residuary  charge  will  be 
minus. 

3.  Immediately  after  the  discharge  apply  a  metallic  body  |o  the  coating 
j,  a  residuary  spark  will  he  thrown  oil",  and  the  jar  will  be  found  ■ 
slightly  charged*  showing  the  spark  to  he  merely  ft  residuary  accumul . 

4.  Charge  ajar,  exposing  about  two  square  feet  of  coating,  with  a  given 
quantity  of  electricity,  measured  by  the  unit  jar  it;  let  a  conducting  rod, 
terminating  in  a  ball  r,  project  from  the  outer  coating,  and  place  near  it  the 
electroscope  E.  Discharge  the  jar  through  the  rod  e  c  as  before,  and  observe 
the  amount  of  divergence  of  the  electroscope.  Double  the  capacity  of  the 
jar,  and  again  accumulate  and  discharge  the  same  quantity.     Thj 

•'-  will  be  vi/iy  considerably  decreased:  add  a  second  and  a 
jar  to  the  former,  and  |  will  at  last  be  scarcely  perceptible; 


56  FRICTION AL   ELECTRICITY. 

connect  the  jar  with  the  ground,  and  with  a  given  quantity  the  spark  will 
vanish  altogether. 

5.  Accumulate  a  given  quantity  as  before,  and  observe  the  effect  of  the 
residuary  charge  on  the  electroscope.  Let  a  double,  treble,  &c.  quantity  be 
accumulated  and  discharged  from  a  double,  treble,  &c.  extent  of  surface — 
that  is,  for  a  double  quantity  employ  two  similar  jars,  and  so  on — the  effect 
will  remain  the  same. 

These  two  last  experiments  prove  that  the  spark  is  of  different 
degrees  of  force  when  the  electricity  is  discharged  from  a  greater  or 
less  extent  of  surface,  whilst  double,  treble,  &c,  quantities  when 
discharged  from  double,  treble,  &c,  surface,  gives  the  same  spark. 
The  spark,  therefore,  is  not  caused  by  any  lateral  explosion  from 
the  discharging  rod,  but  depends  entirely  on  the  jar. 

Lateral  sparks  may  be  drawn  from  a  wire  in  good  communica- 
tion with  the  earth  whilst  it  is  receiving  dense  sparks  from  an  electric 
machine  in  vigorous  action.  These  sparks  result  from  the  induc- 
tive action  of  the  electricity  accumulated  on  the  conductor  upon 
the  vicinal  conducting  substances,  which,  completing  the  terminal 
surface  of  a  charged  system,  determines  the  charging  of  the  stratum 
of  air  between  them,  and  sparks  will  consequently  strike  off  from 
the  wire  to  these  free  conducting  bodies  as  long  as  sparks  continue 
to  pass  between  the  two  conductors.  If  the  wire  from  which  these 
lateral  explosions  proceed  be  connected  directly  with  the  ma- 
chine, the  phenomena  disappear,  because  the  accumulation  on 
the  conductor  is  prevented  from  reaching  any  great  intensity.  It 
is  necessary,  therefore,  to  employ  disruptive  discharges  between 
opposed  conductors,  and  the  larger  the  surface  of  the  charged  con- 
ductor the  greater  is  the  effect  produced. 

(32)  Laws  of  Electrical  Accumulation. — These  have  been 
minutely  studied  by  Harris  (Trans.  Pit/mouth  Institution  and.  Trans. 
Royal  Society,  1834,  1836,  1839),  with  the  aid  of  two  valuable 
electrical  instruments  which  he  invented,  viz.,  the  electro-thermo- 
meter and  the  unit  Jar. 

The  Electro-Thermometer. — This  is  shown  in  Fig.  54.  It  consists  of  an  air 
thermometer,  through  the  bulb  of  which  there  is  stretched  air  tight  a  fine 
platinum  wire;  the  bulb  is  screwed  also  air  tight  on  a  small  open  vessel 
containing  a  coloured  liquid,  and  soldered  to  the  extremity  of  a  long  bent 
glass  tube,  to  which  is  adapted  a  graduated  scale ;  the  fluid  is  adjusted  to  the 
zero  of  the  scale  by  a  small  screw  valve  at  the  top  of  the  bulb.  When  an 
electrical  accumulation  is  discharged  through  the  platinum  wire  it  becomes 
heated  more  or  less,  expanding  the  air  and  forcing  the  coloured  fluid  up  the 
vertical  tube,  £he  height  to  which  it  ascends  being  measured  on  the  scale. 

The  height  to  which  the  liquid  rises  is  as  the  square  of  the  quantity  of  electri- 
city discharged. 

The  Unit  Jar. — This  is  shown  in  Fig.  55.  It  consists  of  a  small  jar,  k, 
exposing  about  six  inches  of  a  coated  surface,  inverted  on  a  brass  rod  fixed 
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(o  Ihe  conductor  of  the  machine,  or  otherwise  sustained  on  *  separate  insula- 
tion ;  and  the  jar  or  batten-  to  ho  charged  is  connected  with  its  outer  surface 
by  means  of  a  brass  rml  and  ball,  b.  In  this  arrangement  electricity  is  con- 
tinually supplied  to  the  jar,  anil  the  amount  of  accumulation  is  accurately 


Fig.  54. 
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measured  by  the  number  of  charges  which  the  unit  jar  has  received;  the 
i  barged  being  determinable  by  menus  of  the  discharging  balls  ti  » '.  By  in- 
creasing or  diminishing  the  distance  between  the  discharging  halls,  the  voluo 
unit  may  be  rendered  as  great  or  as  small  as  we  please.  Hence  if  the 
balls  be  securely  fixed,  and  the  distance  between  their  noints  of  discharge 
accurately  measured  by  means  of  a  micrometer  screw  and  index  at  »,  cora- 
iv.  "juuntities  may  be  always  estimated  and  restored  from  time  to  time 
with  gnat  accuracy. 

i.  Equal  qualities  of  electricity  are  given  off  at  each  iwnliition 
Ojf  the  plnte  (if  an  electrical  nini-'bine  to  ail  uncharged  surface, 
i  bee  charged  to  any  decree  of  saturation, 
a.  A  coated  surface  receives  equal  quantities  of  electricity  in 
equal  times ;  and  the  number  of  revolutions  of  the  plate  is  a  fair 
in    of  the  relative  quantities  of  electricity,  all  other   things 
remaining  the  -ame. 

A  jar  containing  about  live  square  feet  of  coated  surface  was  charged  wilh 
fan  MIDI  of  the  machine,  and  then  discharged  through  Uiethermo-eV 
meter,  the  fluid  rose  nine  degrees.  The  jar  was  now  placed  on  an  insulating 
Itand,  end  its  external  coating  connected  by  a  whe  with  the  internal  coating 
of  a  second  and  precisely  similar  jar,  uninsulated  and  provided  erflB  a  Lane's 
urging  electrometer  (Fig.  40),  the  thermo-electrometer  being  likewise 
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included  in  the  circuit.  After  four  turns  of  the  machine  the  second  jar  was 
discharged,  and  the  fluid  rose  as  before,  nine  degrees.  The  small  residuum  in 
the  second  jar  being  removed  (the  first  jar  retaining  its  charge)  the  machine 
was  again  put  in  motion,  and  after  four  turns  the  discharge  of  the  second 
jar  again  took  place,  and  the  fluid  again  rose  nine  degrees. 

When  the  second  jar  was  much  smaller  than  the  first,  the  explosion  took 
place  about  each  turn  of  the  plate,  till  the  large  insulated  jar  was  fully 
charged ;  and  as  in  both  cases  the  second  jar  was  charged  from  the  outer 
coating  of  the  first,  its  explosions  may  be  taken  as  fair  measures  of  the 
relative  quantities  of  electricity  communicated  by  the  machine ;  and  as  these 
explosions  correspond  to  equal  numbers  of  revolutions,  it  follows  that  the 
accumulations  in  the  insulated  jar  must  have  proceeded  by  equal  increments, 
and  consequently  that  equal  quantities  of  electricity  were  thrown  on  at  each 
time. 

3.  The  free  action  of  an  electrical  accumulation  is  estimated  by 
the  interval  it  can  break  through,  and  is  directly  proportional  to 
the  quantity  of  electricity. 

Two  similar  jars,  each  containing  five  square  feet  of  surface,  being  con- 
nected together,  and  with  a  Lane's  discharging  electrometer,  the  balls  being 
set  at  i  of  an  inch  apart,  the  discharge  took  place  at  the  ends  of  two  and  a 
half  turns  of  the  machine ;  the  interval  being  doubled,  the  charge  passed  at 
the  end  of  Jive  turns ;  the  interval  being  trebled,  at  seven  turns ;  when  the 
interval  between  the  balls  amounted  to  y5  of  an  inch,  it  required  ten  turns  of 
the  machine  to  produce  a  discharge. 

4.  The  free  action  is  inversely  proportional  to  the  surface. 

One  of  the  jars  in  the  previous  experiment  being  removed,  and  the  balls 
set  at  A  of  an  inch,  the  discharge  took  place  with  Jive  turns  of  the  machine; 
the  second  jar  being  returned  to  its  place,  and  the  balls  set  at  f~  of  an  inch, 
the  discharge  again  took  place  with  five  turns;  and  on  adding  two  more 
similar  jars  and  setting  the  balls  at  TJ6  of  an  inch,  or  one  quarter  the  first 
distance,  the  discharge  still  took  place  -with  five  turns. 

5.  When  the  electricity  and  the  surface  are  increased  in  the 
same  ratio,  the  discharging  interval  remains  the  same  ;  but  if,  as 
the  electricity  is  increased,  the  surface  is  diminished,  the  discharg- 
ing interval  is  directly  as  the  square  of  the  quantity  of  electricity. 

The  balls  of  the  electrometer  being  set  at  -fa  of  an  inch,  the  dis- 
charge  of  a  single  jar  took  place  with  2k  turns ;  a  second  similar  jar  being 
added,  the  balls  remaining  as  before,  the  discharge  took  place  at  five 
turns;  a  third  jar  being  added  with  seven  turns:  two  similar  jars  being 
used,  the  interval  remaining  the  same,  the  discharge  took  place  at  five  turns ; 
but  when  one  jar,  that  is  half  the  surface,  was  removed,  and  the  balls  set  at 
A  of  an  inch,  the  discharge  occurred  at  ten  turns. 

If  we  represent  the  quantity  of  electricity  by  Q,  the  interval  by  I,  and  the 
surface  by  S  we  get  the  following  equation : — 

i=4q=si 
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6.  The  resist;  m  the  square  of  the  den- 

directly. 

The  batlsof  thedischarging  electrometer  being  set  nt  a  certain  distance  apart 
in  the  receiver  of  an  air  pomp, and  Hie  density  of  the  air  being  diminished  to 
ilf,  discharge  occurs  with  owe  fiul/at,  the  quantity  of  electricity  accumu- 
lated, Qui  is  wilt  am  fourth  of  Qm  intensity  of  free  action ;  and  the  distance 
through  which  a  given  accuiuulalion  can  discharge,  is  in  the  inverts  simple 
ratio  of  the  density  of  t  In-  air:  in  ait  Of  one  hall"  the  family,  the  discharge 
occurs  at  twice  the  distance 

(33)  Harris'*  later  investigations.. — Sir  Wm,  Snow  Hatrie 
has  recently  (June  8,  1864)  communicated  to  the  Royal  Societj 
the  results  of  wnie  further  inquiries  concerning'  the  laws  and  opera- 
nt electrical  force.  The  quantity  of  electricity  which  any 
plane  rectangular  surface  can  receive  under  a  given  intensity,  he 
finds  to  depend  not  only  on  the  surface,  hut.  also  on  its  litirur 
boundary  extension.  Thus  the  linear  boundary  of  100  square 
Inches:  of  surface  under  a  rectangle  37*5  inches  long  by  2*66  inches 
wide  is  about  80  inches,  whilst  the  linear  boundary  of  the  same 
100  square  inches  of  surface  under  a  plate  10  inches  square  is  only 
+0  inches.  Hence  the  charge  of  the  rectangle  is  much  greater 
than  that  of  the  Bqnare,  although  the  surfaces  are  nearly  equal. 

The  amount  of  electrical  churge  depends  upon  surface  and  linear 

extension  conjointly.     There  exist*  in  every  plane  surface  what 

be  termed  nu  elt-vl 'rival  li<>n/irliny  having  an  important  relul'mii 

to  the  grouping  or  disposition  of  the  electrical  particles  in  regard 

to  each  other  and  to  surrounding  matter.    This  boundary  in  circlet* 

or  globes  is  represented  by  their  circumferences.     In  plane  rect- 

dar  surfaces  it  b  their  linear  extension  or  perimeter.    If  this 

luHiHthirji  In-  i  .instant,  their  electrical  charge  varies  with  the  square* 

tw/ace.    If  the  sarfuce  be  constant,  the  charge  varies  with 

root  of  tJte  boundary.     Jf  the  surface  and  boundary  both 

1  In- charge  varies  with  tli'  ■••otof  the  ntrfurv  multiplied 

f  the  boundary. 

Thus  calling  C  the  charge,  S  the  sarfuce,  II  the  boundary,  arid  m  some 
arbitrary  constant  depending  on  the  electrical  unit  of  charge,  we  have 

C  =  MV/S.Ii 

which  will   be  found,  with  so  mo  exceptions,   a  general  law  of  electrical 
charge. 

I ;  !'  :  I  v.  -  .  r  im  this  formula,  that  if  when  we  double  the  surface 
tn  also  diiuhh.-  the  houudai'v,  the  charge  will  !>1-"  be  double.  In 
tide  case  tin-  charge  may  be  said  to  vary  with  the  surface,  since  it 
varies  with  the  square  root  of  tbe  surface  multiplied  into  the  square 
root  of  the  boundary.  If,  therefore,  the  surface  and  boundary  both 
1,  the  charge  wiU  rorj   with  the  square  of  eithe? 
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quantity.     The  quantity  of  electricity,  therefore,  which  the  sur- 
faces can  sustain  under  these  conditions  will  he  as  the  surface. 

If  I  and  b  represent  respectively  tbe  length  and  breadth  of  a  plane 
rectangular  surface,  then  the  charge  of  such  a  surface  is  expressed  by 

M-v/a/6  (J+fc) 

which  is  found  to  agree  perfectly  with  experiment. 

It  is  necessary,  however,  to  bear  in  mind  tbe  difference  between 
electrical  charge  and  electrical  intensity.  By  the  former  Harris  un- 
derstands the  quantity  which  can  be  sustained  upon  a  given  surface 
under  a  given  electrometer  indication ;  by  the  latter  the  '  electro- 
meter indication '  answering  to  a  given  quantity  upon  a  given  sur- 
face. By  the  term  quantity  of  electricity,  he  understands  the  actual 
amount  of  the  unknown  agency  constituting  electrical  force  as  repre- 
sented by  some  arbitrary  quantitative  electrical  measure. 

The  electrical  intensity  of  plane  rectangular  surfaces  Harris 
found  to  vary  in  an  inverse  ratio  of  the  boundary  multiplied  into 
the  surface.  If  the  surface  be  constant  the  intensity  is  inversely 
as  the  boundary.  If  the  boundary  be  constant  the  intensity  is  in- 
versely as  the  surface.  If  both  vary  alike  and  together,  the  inten- 
sity is  as  the  square  of  either  quantity,  so  that  if  when  the  surface 
be  doubled,  the  boundary  be  also  doubled,  the  intensity  will  be 
inversely  as  the  square  of  the  surface.  The  intensity  of  a  plane 
rectangular  surface  being  given,  we  may  always  deduce  therefrom 
its  electrical  charge  under  a  given  greater  intensity,  since  we  only 
require  to  determine  the  increased  quantity  requisite  to  bring 
the  electrometer  indications  up  to  the  given  required  intensity. 
This  is  readily  deduced,  the  intensity  being  by  a  well-established 
•law  of  electrical  force  as  the  square  of  the  quantity. 

These  laws  relating  to  charge,  surface,  intensity,  &c,  apply  more, 
especially  to  continuous  surfaces  taken  as  a  whole,  and  not  to  sur- 
faces divided  into  separated  parts.  If  the  result  of  an  electrical 
accumulation  upon  a  plane  rectangular  surface  taken  as  a  whole  be 
examined,  and  the  results  of  the  same  accumulation  upon  the  same 
surface  divided  into  two  equal  and  similar  portions  distant  from 
each  other,  it  is  found  that  if  as  the  quantity  is  increased  the  sur- 
face and  boundary  be  likewise  increased  the  intensity  does  not 
change. 

If  three  or  more  separated  equal  spheres  be  charged  with  three  or  more 
equal  quantities  of  electricity,  and  be  each  placed  in  separate  connection  with 
the  electrometer,  tbe  intensity  of  the  whole  is  not  greater  than  the  intensity 
of  one  of  the  parts.  Similarly,  a  battery  of  five  equal  and  similar  jart 
charged  with  a  given  quantity  of  electricity  =  i,  has  the  same  intensity  as  a 
battery  of  ten  equal  and  similar  jars  with  a  quantity  =  2,  so  that  the  intensity 
of  the  ten  jars  taken  together  is  no  greater  than  the  intensity  of  one  of  the 
jars  taken  singly. 
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In  accumulating  a  double  quantity  upon  a  given  surface  divided 
into  two  equal  gnd  separate  parts,  the  boundaries  of  each  lieiiu 
same,   lli'1   istea&itv  varies  inversely  as  the  square  of  the  surface, 
hence  tun  ,-  pirate  equal  parts  can  receive,  taken  together  andet 

the  same  electmnuitiT  jnilii-aiiiHi,  ^r/rr  the  quantity  which  eithei 
can  receive  alone,  in  which  case  the  charge  varies  with  the 
surface. 

Thus  if  n  given  quantity  of  electricity  be  disposed  upon  two  equal  and 
similar  jars  instead  oi  up>>n  on*  >A'  the  jars  only,  the  intensity  upon  the  two 
jars  will  be  only  one-fourth  the  intensity  of  one  of  them,  since  the  ml U 
in  this  case  varies  with  the  square  of  the  surface  inversely,  whiltit  ill 
quantity  upon  the  two  jar.-  under  the  same  electrometer  indication  will  be 
double  the  quantity  upon  OOQ  of  tliern  only  ;  in  which  cuse  the  charge  null  - 
with  the  surface,  the  intensity  beinc;  constant.  If,  therefore,  as  we  increase 
the  number  of  equal  and  similar  jars  we  increase  also  the  quantity,  the 
-ity  remains  the  same,  and  the  charge  will  increase  with  the  number 
of  jars. 

Taking  s  given  surface,  therefore,  in  equal  and  divided  parts,  as  for 
example,  Jour  equal  anil  similar  electrical  jars,  the  intensity  is  found  to  vary 
with  the  square  of  the  quantity  directly  (the  number  of  jars  remaining  the 
I  and  with  the  square  of  the  surface  inversely  (the  number  of  jars  being 
increased  or  diminished);  hence  the  charge  will  vary  us  the  square  of  the 
quantity  divided  by  the  square  of  the  surface,  and  we  have,  calling  0  the 
charge,  Q  the  quantity,  and  S  the  surface, 


0- 


s> 


which    formula    fully    represents    the  phenomenon   of  constant   intensity 
Imit  upon  the  charging  of  equal   separated  surfaces  with  quantities 
increasing  as  the  surfaces,  as  in  the  cose  of  charging  an  increasing  number 
of  equal  electrical  jars. 

I  ',4  j    Velocity  of  Electricity. — This  is  So  great  Mint  the  most 

rapid  motion  that  can  be  produced  by  art  appears  to  he  actual  rest 

quired  with  it.    A  wheel  revolving  with  a  rapidity  anf- 

nt  to  render  ita  spokes  invisible,  when  illuminated  bj  a  Haah 

of  electricity  ia  seen  for  an  instant  with  all  its  spokes  distinct  as  if 

it  wi-ri.'  in  a  state  of  absolute   repose;  because  however  rapid   tin- 

■ion  may  be,  the  light  has  come  and  already  ceased  before  the 

wheel  baa  had  lime  to  turn  through  a  sensible  apace.    Insects  on 

the  wing,  when  electrically  illuminated,  appear  fixed  in  the  ail  | 

i  rapid  succession  of  drops  of  water,  appearing  to  the  unaided 

eye  a  continuous  stream,  is  seen  under  the  electric  light  to  be  what 

it  really  ia. 

Let  a  circular  piece  of  pasteboard  be  divided  into  three  sections,  let  one  be 
1  blue.  another  ye/Aw,  and  a  third  rtd.    Cause  it  to  rotate  rapidly,  it 
will  appear  white,  because  a  sunbeam  coastals  of  g  mixture  of  these  eg 
and  the  rapidity  of  the  motion  Causes  the  ili-tirietion  of  colours  to  be  '■' 

v- ;  but  the  instant  the  pasteboard  i;  illuminated  by  the  electric  spark, 
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it  seems  to  stand  still,  and  each  colour  appears  as  distinct  as  if  the  disc  were 
at  rest. 

By  a  beautiful  application  of  this  principle,  Wheatetone  con- 
trived an  apparatus  by  which  he  demonstrated  that  the  light  of 
the  electric  discharge  does  not  last  the  one-millionth  part  of  a  second 
of  time.  His  plan  was  to  view  the  image  of  a  spark  reflected  from 
a  plane  mirror,  which,  by  means  of  a  train  of  wheels,  was  kept  in 
rapid  rotation  on  a  horizontal  axis.  The  number"  of  revolutions 
performed  by  the  mirror  was  ascertained  to  be  800  in  a  second, 
during  which  time  the  image  of  a  stationary  point  would  describe 
1,600  circles,  because  from  the  laws  of  reflection  the  image  of  an 
object  in  a  revolving  mirror  has  twice  the  angular  velocity  of  the 
latter,  and  the  elongation  of  the  spark  through  half  a  degree  would 
indicate  that  it  exists  lgaVggth  part  of  a  second.  A  jar  was  dis- 
charged through  a  copper  wire  half  a  mile  in  length,  interrupted 
both  in  the  middle  and  also  at  its  two  extremities,  so  as  to  give 
three  distinct  sparks.  The  deviation  of  half  a  degree  between  the 
two  extreme  sparks  would  indicate  a  velocity  of  576,000  miles  in 
a  second.  This  estimated  velocity  is  on  the  supposition  that  the 
electricity  passes  from  one  end  of  the  wire  to  the  other ;  if,  how- 
ever, according  to  the  two  fluid  theory,  the  two  electricities  travel 
simultaneously  from  the  two  ends  of  the  wire,  the  two  external 
sparks  will  keep  their  relative  positions,  the  middle  one  alone  being 
deflected,  and  the  velocity  measured  will  be  only  one  half  that  in 
the  former  case,  viz.,  288,000  miles  iu  a  second. 

The  following  were  the  results  actually  obtained  : — In  all  cases 
when  the  velocity  of  the  mirror  exceeded  a  certain  limit  the  three 
sparks  were  elongated  into  three  parallel  lines,  and  the  lengths 
became  greater  as  the  velocity  of  the  mirror  was  increased.  The 
greatest  elongation  observed  was  about  24.0,  indicating  a  duration 
of  about  the  24,000th  part  of  a  second.  When  the  velocity  was 
low  the  terminating  points  appeared  to  be  exactly  in  the  same 
vertical  line,  but  when  the  velocity  was  considerable,  and  the 
mirror  revolved  towards  the  right  the  lines  assumed  the  appear- 
ance    ,  when  it  revolved  towards  the 

left  they  appeared  = ;  but  in  no  case 

were  they  seen  ~  or  "-  as 

required  by  the  hypothesis  of  a  single  fluid. 

There  are,  however,  great  discrepancies  in  the  different  measure-? 
ments  which  have  been  recorded  of  the  velocity  of  electricity, 
thus: — 

Walfcpr  (America)  with  telegraph  iron  wire  makes  it    18.780  miles  per  second. 
O'Mitchell  (America)  „  „  28,524     „  „ 
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Fizoau  and  Gonnelle,  copper  wire,  make  it    ,     .     .     114,680  miles  pir  seioml 
„  „  iron  wire  „  ...       62,600      „ 

'Astronomers  of  Greenwich  and  Brussels,  copper,  i      a^oq 
I-.in. Inn  ami  Brussels  ti.'letrrapb,  uiake  it  J         ' 

Astronomers  of  Greenwich  and  Edinburgh,  copper,  1         /_ 
London  nnd  Edinburgh  Lekgrupn,  make  it      J       '" 

But  in  regard  to  the  long  circuits  included  in  the  above  experi- 
ments, the  conducting-  power  of  the  wires  cannot  he  understood, 
while  no  reference  i.<  made  to  their  lateral  riati  .  3 ),  or 

to  the  conditions  of  intensity  and  quantity  which  then  come  into 
piny,  especially  in  the  case  of  short  or  intermitting  currents,  for 
then  static  and  dynamic  are  constantly  passing  into  each  other. — 
(Faraday?) 

(35)  Physiological  Effects. — The  sensation  experienced  when 
the  body  is  mode  part  of  an  electrical  circuit  through  which  :i 
Leyden    phial   is  discharged  is  too  universally  known  to  need 

A  small  charge  determined  down  the  spine  generally  causes  a 
person  to  fall  to  the  ground  ;  the  discharge  of  a  powerful  battery 
in  the  same  direction  would  probably  prove  fatal. 

Animals  the  most  tenacious  of  life  are  destroyed  by  1 
shocks  passed  through  them.  Van  Maruin  found  that  eels  are 
instantly  killed  when  moderate  shockfi  are  sent  through  their 
bodies.  It  was  first  shown  by  Dr.  Watson,  soon  utter  the  discovery 
of  the  Leyden  phial,  that  the  shock  may  he  transmitted  through 
the  bodies  of  several  men  touching  each  other.  For  this  pttt$i 
all  must  join  hands,  the  first  touching  the  outside  of  the  phial, 
and  the  last  the  knob ;  those  in  the  centre  will  receive  a  lea-* 
-nt  shuck  than  those  near  the  two  extremities  of  the  chain,  a 
phenomenon  which  favours  the  hypothesis  of  two  fluids.  Dr. 
-on  in  1747  conveyed  the  electric  shock  across  the  Thames  at 
Westminster  Bridge,  and  a  few  days  after  he  caused  it  to  make  11 
it  of  two  miles  at  the  New  River  at  Stoke  Newington,  The 
Abbe  Nollet  communicated  a  shock  to  an  entire  regiment  of  1,300 
men  ;  and  nt  the  convent  of  Carthusians  the  shock  from  the  dis- 
charge of  a  large  Leyden  jar  waa  felt  by  every  individual  in  a 
circuit  which  comprised  5,400  feet. 

The  bodies  of  animals  killed  by  a  powerful  shock  of  electricity 
found  to  undergo  rapid  putrefaction,  and  it  is  a  remarkable 
hnl  nil'  t  death  the  blood  does  not  coagulate. 

When  the  Leyden  phial  waa  first  discovered,  it  was  imagined 
that  an  agent  of  almost  unlimited  medical  power  was  raised,  and 
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it  was  applied  indiscriminately  for  the  cure  of  the  most  opposite 
diseases.  The  failures  consequent  on  such  quackery  brought  elec- 
tricity into  disrepute,  and  for  a  long  time  its  use  was  almost  dis- 
carded. It  is  now  more  generally  employed,  and  has  been  found 
of  service  in  many  cases,  such  as  in  palsy,  contractions  of  the 
limbs,  rheumatism,  St.  Vitus's  dance,  some  kinds  of  deafness,  and 
impaired  vision. 

(36)  chemical  Effects. — When  a  succession  of  electric  dis- 
charges is  sent  through  water,  decomposition  of  that  fluid  takes 
place,  the  elements  assuming  the  gaseous  form.  Dr.  Wollaston, 
by  sealing  fine  gold  wires  into  glass  tubes,  and  then  grinding  them 
down  so  as  to  disclose  points  from  r^th  to  t^W^  °f  m  mch 
in  diameter,  found  that  sparks  from  a  conductor  passing  through 
water  from  points  so  guarded  to  the  distance  of  from  £th  to  ^yth 
of  an  inch,  effected  its  decomposition. 

By  passing  a  succession  of  shocks  through  a  small  quantity  of 
water  tinged  blue  by  litmus,  the  liquid  in  a  short  time  acquires  a 
red  tinge,  while  the  air  in  the  tube  suffers  a  diminution.  This 
experiment  was  first  made  by  Priestley,  but  it  was  Cavendish  who 
demonstrated  that  the  reddening  of  the  litmus  was  occasioned  by 
the  formation  of  nitric  acid. 

By  the  following  instructive  experiments  it  was  shown  by 
Faraday  (Ex.  Research.  Series  v.  p.  1062  et  seq.)  that  to  effect 
chemical  decomposition  by  frictional  electricity,  two  metallic  poles 
are  not  required,  and  that  even  air  may  act  as  a  pole  :— 

1.  A  piece  of  turmeric  paper  0-4  of  an  inch  long  and  03  of  an  inch  wide 
was  moistened  with  sulphate  of  soda,  and  placed  upon  the  edge  of  a  glass 
plate  opposite  to,  and  about  two  inches  from,  a  point  connected  with  a 
discharging  train.  A  piece  of  tin-foil,  resting  upon  the  same  glass  plate, 
was  connected  with  the  machine  and  also  with  the  turmeric  paper  by  the 
decomposing  wire  a,  Fig.  56.     The  machine  was  then  worked,  the  positive 


Fig.  $6. 


electricity  passing  into  the  turmeric  paper  at  (he  point  p,  and  out  at  the 
extremity  n.    After  forty  or  fifty  turns  of  a  powerful  machine,  the  extremity 
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examined,  and  tbe  two  points  or  angles  were  found  to  be  coloured 
hrowu,  evincing  the  presence  of  free  alkali,  and  consequently  the  divomposi- 
lion  of  the  sulphate  of  soda. 

I  similar  piece  of  litmus  paper  dipper]  in  a  solution  of  sulphate  of  soda 
(Fig.  57)  was  now  supported  upon  the  end  of  the   discharging  train  a,  and 

Fig.  $7. 
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,  extremity  brought  opposite  to  a  point  p,  connected  with  tbe  conductor  0 
the  machine.  After  a  short  time  acid  was  developed  at  In.th  corners  towards 
the  point,  i.e.  at  both  corners  receiving  electricity  from  the  air.  Then  a  long 
piece  of  turmeric  paper,  large  at  one  end  and  pointed  at  the  other,  was 
moistened  in.  the  saline  solution,  and  immediately  connected  with  the  con- 
r  of  the  machine,  30  that  its  pointed  extremity  was  opposite  a  point 
upon  the  discharging  train.  When  the  machine  was  worked  alkali  was 
evolved  at  that  point;  and  even  when  the  discharging  train  was  removed, 
and  the  electricity  left  to  be  diffused  and  carried  off  altogether  by  tbe  air, 
-till  alkali  was  evolved  where  the  electricity  left  the  turmeric  paper. 

The  following  arrangement  was  employed  by  Faraday  for  effect- 

ig  polar  electro-chemical  decomposition  by  common  electricity  : — 

On  a  glass  plate  raised  above  a  piece  of  white  paper,  two  small  sli|-  .1 
tin- foil,  a  I,  were  placed;  one  was  connected  by  an  insulated  wire,  c,  with 

Fig.  18. 
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electrical  machine,  and  the  other  by  the  wire  y  with  the  negative  con- 
ductor.    Two  pieces  of  platinum  wire  were  bent,  ami  urranged  bo  that  the 
1  p  n  became  the  decomposing  poles.     They  were  placed  on  a  piece  of 
filtering  paper,  wetted  with  the  solution  to  be  experimented  upon,     When 

F 
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litmus  paper,  moistened  in  a  solution  of  common  salt  or  sulphate  of  soda., 
WU  employed  it  was  quickly  reddened  at  p  j  a  similar  piece  moistened  in 
hydrochloric  acid  was  very  soon  bleached  at  the  same  point,  but  no  effects 
of  a  similar  kind  took  place  at  u, 

A  piece  of  turmeric  paper  moistened  in  solution  of  sulphate  of  soda  was 
reddened  at  n  by  two  or  three  turns  of  the  machine,  and  in  twenty  or  thirty 
turns  plenty  t.'f  alkuli  was  there  evolved.  On  turning  the  paper  round  so 
that  the  spot  came  under  p,  and  then  working1  the  machine,  the  alkali  soon 
disappeared,  the  plate  became  yellow,  and  a  brown  alkaline  spot  appeared  in 
the  new  part  under  n.  When  pieces  of  litmus  and  turmeric  paper,  both 
■Hfited  with  solution  of  sulphate  of  soda,  were  combined,  and  put  upon  the 
glass  so  that  p  was  on  the  litmus  and  n  on  the  turmeric,  a  very  few  turns  of 
the  machine  sufliced  to  show  tike  evolution  of  acid  at  the  former  and  of  alkali 
at  the  latter. 

In  these  experiments  the  direct  passage  of  sparks  must  be  care- 
fully avoided.  If  sparks  be  passed  over  moistened  litmus  paper  it 
is  reddened,  and  if  over  paper  moistened  with  solution  of  iodide  of 
potassium,  iodine  ia  evolved.  But  these  effects  must  be  distin- 
guished from  those  due  to  ©leebo-chfinicftl  powers  or  true  rlrvtru- 
Itftic  action,  and  must  he  carefully  avoided  when  the  latter  are 
sought  for.  The  effect  just  mentioned  is  occasioned  by  the  forma- 
tion of  nitric  acid  by  the  chemical  union  of  the  oxygen  and  nitrogen 
of  the  air.  The  acid  so  firmed  is  in  a  high  state  of  concentration, 
mid  therefore  reddens  the-  litmus  paper,  and  decomposes  the  iodide. 

(37)  Magnetic  Effects. — The  magnetic  power  of  the  frictional 
electric  current,  though  far  inferior  to  that  of  the  voltaic  current,  is 
nevertheless  decisive, 

1.  Lay  an  unmagnetiscd  sted  needle  transversely  on  a  strip  of  copper,  a 
thin  plate  of  glass  or  a  piece  of  gutta-percha  being  interposed  between  the 
two;  pass  a  few  discharges  from  tho  LeydeB  phial  along  the  copper,  tin" 
needle  will  be  found  to  have  become  magnetic;  note  the  polarity  given  to 
the  point  of  the  needle,  then  make  a  similar  experiment  with  uuuther  needle, 
placing  it  under  the  copper  plate ;  the  polarity  will  be  found  to  be  reversed. 
In  1  lie  first  experiment  the  end  of  the  needle,  which  lay  to  the  right  of  the 
electric  current,  will  be  a  north  pole;  in  the  second  experiment  it  will  be  a 
south  pole. 

a.  Place  an  unmagnetisod  needle  within  a  spiral  of  copper  wire  covered 
with  silk;  a  few  sparks  from  the  prime  conductor  of  a  powerful  machine  will 
render  it  magnetic ;  a  charge  from  a  Leyden  phial,  sent  through  the  coil, 
will  render  it  powerfully  so.  The  needle  heing  magnetised  and  its  polarity 
noted,  let  it  be  replaced  in  the  spiral,  and  transmit  the  electric  current  so 
that  the  north  pole  of  the  needle  shall  lie  on  the  right  hand  of  the  direction 
in  which  the  current  moves  5  after  a  few  discharges  the  polarity  of  the  needle 
will  be  reversed. 

When  a  powerful  discharge  ia  determined  through  the  wire  of  a 
galvanometer,  the  needle  is  deflected,  but  the  effect  ia  very  feeble. 
A  more  satisfactory  result  is  obtained  when  the  end  of  the  galvano- 
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ic it©*  mre  is  connected  with  tlie  discharging  rod  by  a  wet  string 
three  or  four  feet  long,  the  reason  being,  as  in  the  case  of  the 
ignition  of  gunpowder,  that  the  velocity  of  the  discharge  is  thereby 
lied.  It  results  from  the  experiments  of  Faraday  (Et.  I.'< - 
>'.,  Series  III.,  pp.  361  d  seq.)  that  the  deflecting  force  of  an 
electric  current  is  directly  proportion  :d  ta  t  lie  absolute  quantify  of 
electricity  ;  uttnaity  that  electricity  may  be. 

Ex.  Eight  Leyden  jars,  arranged  as  a  battery,  were  charged  by  thirty  turns 
of  a  powerful  machine,  and  discharged  through  the  wire  of  a  galvanometer, 
a  thick  wet  string  About  ton  inches  long  being  included  in  the  circuit.  The 
i ■>  waft  deflected  five-and-a-half  divisions.  Seven  other  equal-sized 
jars  were  then  added,  and  the  wholes/Veen  charged  as  before  by  thirty  turns 
of  the  machine,  the  galvanometer  needle  passed  exactly  to  the  same  division 
as  in  the  former  instance.  The  battery  at  fifteen  jar*  was  then  charged  by 
sixty  revolutions  of  the  machine,  and  discharged  o»  before  through  the 
galvanometer;  the  needle  was  now  deflected  to  the  eleventh  division,  an  arc 
exaetlv  double  the  former. 


CHAPTER  V 

Ltrnospheric  Electricity — Annual  and  Diurnal  Changes  —  Observations  at 
Kew  and  Brussels — Instruments  for  Collecting  and  Examining  Atmo- 
spheric Electricity — Thunder  and  Lightning — Lightning  Conductors — 
Teruadocs — Waterspouts — The  Aurora  Borealis* — Action  of  Atmospheric 
Electricity  on  the  Wires  of  the  Electric  Telegraph. 

(38)  The  Atmaspnere  ttoe  great  natural  Seaervolr  of 
Electricity. — That  part  of  our  planet  in  which  the  electricity 
evolved  by  various  processes  accumulates  is  the  titinn±ji!<>r>  ;  ho-re  it 
varies  both  in  condition  and  in  intensity.  When  the  air  is  clear, 
and  the  sky  serene,  it  is  generally  positive  ;  in  damp  or  rainy 
iter,  it  is  occasionally  negative.  It  is  mure  powerful  in  the 
higher  regions  tlum  in  the  lower;  it  is  stronger  in  winter  than  in 
summer;  and  when  the  air  is  still,  it  is  more  intense  thnn  tin 
the  prevalence  of  wind. 

The  transitions  in  the  electrical  etata  of  the  atmosphere  were 
frequently  observed  by  Humboldt  during  hia  trnvels  in  the  equi- 
noctial regions  of  the  new  continents. 

'I  saw  on  the  banks  of  the  River  Apure,'  he  writes  (Travels,  Vol.  II.  ji. 
143),  'what  1  had  often  observed  on  the  ridges  of  the  Alps  during  a.  storm, 
that  the  electricity  of  the  atmosphere  was   first  positive,   then  nil,  then 
negative.      These    oscillations  from    positive  to  negative  were  frequently 
repeated  ......  We  noticed  in  the  valleys  of  Aragua  the  increase  of 

atmospheric  electricity,  with  the  augmentation  of  vesicular  vapours ;  and 
the  electrometer  of  Volt  a  constantly  displayed  at  sunset  positive  electricity. 
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During  whole  hours  in  the  daytime  tlie  electricity  was  nil,  then  it  would 
become  very  strong,  and  booh  after  again  imperceptible,' 

(39)  Annual  and  Diurnal  Changes. — The  inti-H*it;i  of  the 
free  electricity  of  the  atmosphere  increases  from  the  month  of  July 
1<>  the  iimritli  of  November,  inclusive.  It  is  also  subject  to  diurnal 
variations,  Dure  being  hvu  maxima  and  two  minima  every  twenty- 
four  hours,  Tlif  first  minimum  takes  place  ft  little  before  the 
tiling  of  the  sun  ;  as  it  rises,  the  intensity  at  first  gradually  and 
then  rapidly  increases,  and  arrives  at  its  first  maximum  a  few 
hours  after.  This  excess  diminishes  at  first  rapidly  and  afterwards 
slowly,  ami  arrives  at  its  minimum  some  hours  before  kUnseti  It 
reuoendj  when  the  sun  approaches  the  horizon,  attains  its  second 
maximum  a  few  hours  after,  then  diminishes  till  sunrise,  and  pro- 
ceeds in  the  order  already  indicated. 

(«)  Observations  at  the  Kew  Observatory  (Ronalds). — A  series 
of  electrical  readings  tvaa  taken  at  the  Kew  Observatory  during  a 
period  of  three  years  and  seven  months,  viz.,  from  January  1844 
to  July  184.8.  The  observations  recorded  amounted  to  10,500  ; 
10,176  of  which  were,  positive,  and  324  negative.  The  greatest 
number  of  positive  observations,  viz.  1.047,  w»-'re  recorded  at 
8  a.m.,  and  the  least  number,  viz.  566,  at  6  A.M.;  the  hour  of 
minimum  tension  was  %  A.M.,  a  gradual  rise  taking  place  from  that 
hour  until  6  A.M.  Between  the  hours  of  6  mid  8  A.M.  a  rapid  D«e 
occurred,  the  tension  being  nearly  doubled ;  it  then  increased 
gradually  until  10  a.m.,  when  a  maximum  was  passed,  after  winch 
it  gradually  declined  until  4  r.M.,  the  epoch  of  diurnal  minimum 
as  contradistinguished  from  the  noetumat  minimum.  The  tension 
then  rapidly  increased  until  8  p.m.,  and  at  10  p.m.  passed  another 
maximum  rather  considerably  above  the  maximum  of  10  a.m. 
From  10  p.m.  to  midnight  the  diminution  of  tension  was  enormous. 
The  midnight  value  was  but  slightly  above  the  value  at  x  a.m., 
the  epoch  of  the  minimum. 

Of  the  10,176  positive  observations,  5,514  were  taken  in  the 
summer  months,  and  4,662  in  the  winter  months,  Greater  uni- 
formity prevailed  during  the  summer  than  during  the  winter, 
though  there  was  a  considerable  diminution  of  tension  between 
10  p.m.  and  midnight;  2.  A.M.  was  the  epoch  of  the  principal  mini- 
mum, the  tension  gradually  rising  until  10  p.m.,  the  forenoon 
Maximum;  the  succeeding  minimum  occurred  at  noon,  graduaDy 
rising  till  6  p.m.,  and  then  rapidly  till  10  p.m.,  the  principal  maxi- 
mum, from  which  time  till  midnight  the  decline  was  very  con- 
siderable. In  the  winteT  the  range  and  amount  of  tension  was 
much  greater  than  in  the  summer:  the  minimum  was  at  4  a.m., 
rising  gently  to  6  a.m.,  and    rapidly  to  10  a.m.,   the   forenoon 
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maximum;  then  gradually  sinking  to  4  p.m.,  the  afternoon  inirii- 
muin  ;  ami  again  rapidly  rising  till  8  p.m.,  tho  epoch  of  the  evening 
maximum,  the  fall  from  which  to  midnight  being  enormous. 

In  both  winter  and  summer  a  double  proffreuion  was  most  daa- 
•.  exhibited.  The  point!  of  maxima  and  minima  were  well 
marked,  and  in  most  cases  a  tolerable  iixily  of  epoch  was  presented. 
The  presence  of  log,  occurring  mostly  011  those  occasions  when 
high  electrical  tensions  were  observed,  and  serene  weather  b 
mostly  characterised  by  low  tensions,  suggested  the  probability 

that  the  forenoon  and  evening  maxima  result  DL01 M  less  from  the 

presence  of  aqueonr  vapour,  either  in  an  invisible  or  in  a  con- 
densed state. 

The  discussion  ('by  Mr.  JJirt)  of  the  whole  series  of  observations 
discloses  a  march  of  electrical  tension  during  the  twenty-four  hours 
constituting  the  period  of  a  day.  The  march  presents  two  well' 
de fined  maxima,  in  mod  instances  removed  from  ouch  other  by  an 
interval  of  twelve  hours :  the  principal  occurring  at  10  p.m. .and 
the  inferior  at  10  A.M.  The  principal  minimum  occurred  at  4  a.m., 
and  the  subordinate  at  4.  p.m.  Speaking  generally,  in  the  diurnal 
period  the  periods  characterised  by  high  and  low  tensions  are 
those  at  which  the  sun  is  above  and  below  the  horizon  ;  hut  in  the 
:  lie  reverse  Appears  to  talcp  place,  the  highest  tension 
being  exhibited  during  that  portion  of  the  year  in  which  the  tun 
tuned  from  the  northern  temperate  zone.  A  general  corres- 
pondence is  shown  as  to  the  months  exhibiting  the  greatest  dei 
of  humidity  and  the  greatest  electrical  tension.  The  tension  at 
sunset  was,  with  but  few  exceptions,  higher  than  at  sunrise. 

The  majority  of  instances  in  which  rupative  electricity  was 
exhibited,  were  characterised  by  two  v.r.  r  lY-;ti  ures  :  one 
was  the  falling  of  heavy  rain,  and  the  other  the  occurrence  of 
rirro-strafiand  cirro-cumuli,  which  clouds  were  considered  as  having 
fbuted  their  quota  to  thr«  development  of  tl leetricity  ob- 
served. The  observations  were  too  few  to  deduce  a  diurnal  period 
lor  negative  electricity,  but  they  pointed  out  a  connection  between 
negative  reading  and  the  prevalence  of  clouda,  and  thftf  reveald 
indications  of  considerable  disturbances  of  a  systematic  character. 

(h)   Obtervatioat  at  tl"'  Royal  Obmrrutury  In  hnt-wl*  (t|uetelet). 
— These  were  continued  from  the  beginning  of  August  1844  till  the 
if  December  1S48.     They  show  : — 

1.  Thai  atmospheric  electricity,  considered  in  a  general  manner, 
attains  its  maximum  in  January,  and  progressively  decreases  till 
June,  which  month  presents  anummwn  of  intensity;  it  augments 

:   I  he  following  months  till  the  end  of  the  y^.iv. 

2.  That  the  maximum  and  minimum  of  the  year  have  for  their 


respective  values  605  and  47  ;  so  that  tho  electricity  in  January  k 
thirteen  times  more  energetic  than  in  the  month  of  Jtioa 

3.  That  the  difference  between  the  maximum  and  minimum  is 
much  more  snnsible  in  r-nvii-  than  in  cloudy  weather,  hut  that  in 
the  months  of  June  and  .Inly,  when  the  electricity  attains  its 
minimum,  the  reading  is  very  nearly  the  same  whatever  be  the 
state  of  the  sky. 

Quetelet  also  noticed  a  strong  electricity,  either  positive  or  nega- 
tive, nt  the  approach  or  cessation  of  rain.  During  the  whole  four 
yijirs  included  in  his  register,  the  electricity  was  observed  to  he 
.Ve  only  twenty-three  times,  and  these  indications  either  pre- 
ceded or  followed  rain  and  storms. 

The  following  conclusions,  deduced  by  Quetelet  from  his  uhser- 
13  made  to  ascertain  the  diurnal  variations  of  atuioeplniii- 
electricity,  are  in  close  accordance  with  those  of  Birt,  as  deduced 
from  the  Kew  observations : — 

1.  TI10  electricity  of  the  air,  estimated  always  at  the  same  height,  under- 
goes a  diurnal  variation,  which  generally  presents  two  maxima  and  two 
minima. 

2.  The  maxima  and  minima  vary  according-  to  the  different,  periods  of 
the  year. 

3.  The  first  maximum  occurs  in  summer,  before  8  a.m.,  ami  towards  10  a.m. 
in  winter.  The  second  maximum  is  observed  after  tj  I'M,  in  1  ti  c  evening  in 
summer,  and  towards  6  p.m.  in  winior.  The  interval  of  time  which  separate! 
the  two  minima  is  therefore  more  than  thirteen  hoars  at  the  epoch  of  the 
summer  solstice,  and  eight  hours  only  at  the  winter  sola! ice. 

4.  The  minimum  of  the  day  presents  itself  towards  3  o'clock  in  the 
summer,  and  towards  1  o'clock  in  winter. 

5.  Tin-  instant  which  best  represents  the  mean  electric  state  of  the  day  in 
the  different  seasons  occurs  about  u  a.m. 

(40)  Observations  of  Bee  carta  and  Thomson  I"  1  i;t  has 
remarked  on  the  rarti  occurrence  of  negativt  atmewpheric  iudicutioii.- 
during  fair  weather  :  during  a  period  of  fifteen  years  he  recorded 
the  electrical  state  of  the  atmosphere  negative  only  su  times  ;  but 
Thomson  found,  on  several  days  of  fair  unbroken  weather  in  April 
and  May,  negative  atmospheric  indications  during  short  periods, 
and  i>n  each  occasion  there  was  a  sudden  change  in  the  wind — 
generally  from  NE.  to  NW.,  W.,  or  SW. 

Thomson  explains  the  reversed  electric  indications  observed 
about  the  time  of  a  change  of  wind  in  the  following  manner: — 

The  lower  air  up  to  some  height  above  the  earth  must  in  general  be  more 
Of  less  electrified  with  the  same  kind  of  electricity  as  that  of  the  earth's 
surface;  and  Bince  this  reaches  a  high  degree  of  intensity  on  every  tree-top 
and  pointed  Vegetable  fibre,  it  must  always  cause  more  or  less  of  the  pheno- 
menon which  becomes  conspicuous  as  the  light  of  Castor  and  Pollux,  known 
tu  the  ancients,  or  the  fire  of  St.  Elmo,  described  by  modern  sailors  in  the 
Mediterranean,  and  which  consists  of  a  flow  of  electricity,  of  the  kind  pos- 
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by  the  earth,  into  the  air.  Hence  in  fair  weather  the  lower  air  mu«t 
lie  ntr/ative,  although  the  atmospheric  potential  even  clnse  to  the  earth's 
surface  is  still  generally  positive.  But  if  a  considerable  area  of  this  lower 
stratum  is  curried  upwards  into  a  column  over  any  locality,  by  wind  blowing 
inwards  from  different  directions,  its  effects  may  for  a  time  predominate, 
and  give  rise  to  a  negative  potential  in  the  air,  and  a  positive  electrification 
of  the  earth's  surface.  If  this  explanation  be  correct,  n  whirlwind  (such  as 
1  "(i  experienced  on  a  small  scale  in  hot  weather)  must  diminish  and 
may  reverse  the  ordinary  positive  indications. 

(  +  l)  Instruments  for  Ex- 
amining the  Electrical  Con- 
dition of  the  lower  Atmo- 
sphere. 

I.  The  Exploring  Conductor  at  Km 
Observatory. —  This  ia  a  conical  tube  of 
tliiu  copper  raised  16  feet  above  tlio 
dome  of  the  building,  earning  at  the 
top  ■  small  lantern  or  collecting  lamp, 
led  with  a  little  cowl,  which  MB 
be  raised  or  lowered  at  pleasure  by 
means  Bf  :i  silk  cord.  The  conductor 
ia  firmly  screwed  iDlO  a  strong  brass 
which  is  cemented  to  a  well-an- 
nealed   lmlluw  glut*  pillar,  the  lower 

end  of  which  la  cronipet-abapGd  md 

ground  flat,  and  is  firmly  secured    to 

;cstal.     The  glass  tube  is  kept 

I  an  t  ly  warmed  by  a  small  oil  lamp, 
the  closed  copper  chimney  of  which 
enters  but  does  not  actually  touch  it. 
The  brass  tube  carries  at  its  lower  end 
three  Ot  luur  anna,  at  right  angles  to 
each  other,  with  which  the  electro- 
is  and  other  electrical  apparatus 
are  connected.  The  conductor  at  the 
point  where  it  enters  the  dome  is  pro- 

t  from  the  weather  by  an  inverted 
r   disk,      13y   this   mode  of  ar- 
rangement the  active  parts  of  all  the 
electrometers  and  the  conductor  itself 
arc  insulated  by  one  common  and  effi- 
ifttolator.    A  safety  conductor  in 
good  communication  with  the  earth  is 
attached  to  the  pedestal, 
x.  The  Exploring  Qmdndor  ut  the 

.in'ich   Observatory.  — 'this  is  ar- 
ranged in  a  similar  manner:    n  (Fig. 

ia  the  copper  tube,  on  which  the 

in,  containing  a  lamp  (a)  which  ia 
always  burning,  slides.    The  rod  is 

ii  ted  on  a  cone  of  glassf  the  lower 
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part  of  which  is  hollowed  out  and  lined  with  copper;  immediately  under 
which  is,  in  the  wooden,  apparatus  d.  placed  a  lamp,  which  is  kept  con- 
stantly Miming,  for  the  purpose  of  heating  the  copper,  and  tbnj  to 
the  glass  dry.  The  glass  cone  is  protected  from  rain  by  a  copper  umbrella, 
from  which  proceeds  the  wire  f,  communicating  with  the  electrical  instru- 
ments in  the  anteroom, 

3.  The  Electrometers. — The  observations  at  Kew  and  Greenwich  were 
taken  with  a  Henley's  electrometer,  by  which  the  force  is  measured  by 
a  straw,  terminating  in  a  pith  ball,  which  together  constitute  a  pendulum 
that  is  inserted  in  a  hall  working  by  two  fine  steel  pivots;  and  by  Volla's 
electrometers,  two  in  number.  No.  1  is  so  constructed  that  a  given  electric 
force  causes  a  pair  of  straws  of  known  weight  to  diverge-  Their  divergence 
is  measured  on  a  circular  arc  of  the  same  radius  as  the  length  of  llu<  straws, 
which  is  so  graduated  as  to  indicate  half  the  distance  iu  arc  between  the 
extremities  of  the  straws  In  hall  Parisian  lines,  each  of  the  divisions  which 
are  at  equal  distances  from  each  other,  being  equal  to  half  a  line.  It  is  clear 
from  this  construction  that  upon  measuring  the  distance  between  the  straws 
in  a  right  line,  'the  line  of  half  the  angle  subtendrd  by  the  extremities  of  the 
ttrawa  is  proportional  to  the  electric  tension  of  the  charge.' 

No.  2  electrometer  was  so  constructed  that  each  division  RH  exactly 
equal  tp Jive  of  No.  1 ;  and  the  circular  arc  is  graduated  to  read  st  once  in 
terms  of  No.  1.  The  difference  in  the  electrometers  consists  in  the  straws  of 
No.  a  being  heavier  than  those  of  No.  I,  in  such  proportion  as  to  increase 
the  value  of  the  readings  in  the  ratio  above  mentioned.  As  in  No.  1  the 
sine  of  half  the  angle  of  divergence  is  proportional  to  the  Tension,  so  in  No. 
2  precisely  the  same  value  of  the  tension  obtains— viz.,  the  -im-  of  halt  the 
angle  of  divergence,  the  linear  value  of  the  sine  itself  being  proportional  to 
its  value  in  No.  I  for  the  same  force:  thus  a  force  that  would  diverge  the 
straws  in  No.  1  to  an  angle  of  300  would  only  open  those  in  No.  i  to  an  angle 
of  6°,  and  in  each  instrument  the  sine  of  150  and  30  respectively  would 
represent  the  force.  One  degree  of  Henley's 
electrometer  ia  nearly  equal  to  ioo°  of  Volta 
No.  1 ;  and  by  converting  the  readings  of  the 
latter  into  measures  of  arc,  Volta  No.  1, 
Volta  No.  2,  and  Henley's  may  all  be  ex- 
pressed iu  degrees  of  the  circle,  the  sh 
which  are  readily  ascertainable. 

The  Volta  electrometers  are  placed  on  the 
table  of  the  pedestal,  with  their  cups  in  con- 
tact with  the  con  'uctor,  and  the  Henley's 
electrometer  is  screwed  into  a  ball  fixed  at 
the  extremity  of  one  of  the  horizontal  arms. 

4.  The  Gold  Leaf  Electroscope. — The  wire  a 
(Fig.  60),  terminating  in  a  pair  of  forceps, 
which  carry  the  paper  to  which  the-  gold  leave* 
are  suspended,  passes  through  the  glass  stopper 
u.  which  is  ground  into  a  long-necked  bottle  c, 
with  a  metallic  base  d,  and  a  strip  of  brass, 
KB,  is  bent  and  screwed  to  the  inside  of  p. 
f  The  neck  c  is  well  covered  with  sealing-wax 

jp        both  inside  and  out.  To  preserve  the  insulating 
power  of  the  instrument,  it  is  surrounded  at 
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its  base  will]  an  annular  tki  trough,  coated  with  sealing-wax,  ami  contain- 
ing chloride  of  calcium,  the  whole  being  covered  airtight  with  a  receiver. 

5.  The  iJ'rstluiiuishtr  (Fig.  61). — This  is  a  very  thin  Leyden  phial,  c  A  istl 
wire,  connected  with  a  brass  lube  which  Forms  the  interior  coating  of  tin 
and  b  is  an  exterior  coating  of  the  same  kind ;  and  these  two  coatings  are  at 
about  thr.H'-fiHir tin  of  nn  inch  distant  from  each  extremity  of  the  phial. 
The  intervals  nc,  bc  are  coated  with  sealing-wax  inside  rod  out.  a  thus 
prepared  is  fitted  to  a  bottle  with  a.  metallic  base,  and  is  provided  with  a 
pair  or  gold  leaves  rather  too  short  to  reach  the  sides  of  the  bottles  the  tick 
of  which,  both  insula  and  out,  is  covered  with  sealing-wax.  The  distin- 
guislier  is  charged  every  morning  mgiitively,  and  never  fails  to  retain  a  good 
charge  for  twenty-four  hours.     It  is  conveniently  placed  on  a  bracket  a  lew 

Fiu.  fit.  fig.  6i. 


feel  distant  from  the  conductor,  in  which  when  used  it  is  approached  by  the 
hand  10  some  distance  proportionate  to  the  height  of  the  charge.  If  the 
charge  be  posttlYe,  the  leaves  of  course  collapse  more  or  less,  but  open  again 
WbBfl  tilt  instrument  is  withdrawn;  if  the  charge  be  negative,  the  divergence 
of  the  leaves  increases,  and  the  operation  can  be  performed  without  the 
danger  of  lowering  the  tension  of  the  conductor,  or  injuring  the  gold  li 
kt  the  height  of  the  charge  be  what  it  may. 

6.  Bohnenbtrmr't  E/tcirti>ccrpe.~~"rhis  instrument  is  shown  in  Fig.  62:  a  ■ 

isii  dry  electric  column  (the  construction  of  which  will  be  described  hereafter), 

<f  about  500  pairs,  each  about  one-fourth  of  an  inch  in  diameter, 

enpyingi  when  the  plates  nrc  pressed  together,  from  two  to  two  Inches. 

and  a  half  in  length.     To  the  ends  of  this  pile  are  adapted  two  bent  wires, 

icating  in  two  gilded  plates  Pit,  which  constitute  the  poles  of  the 

battery,     These  plates,  which  are  two  inches  long  and  half  an  inch  wide, 

are  parallel  and  opposite  to  each  other,  the  gold    leaf  D  being  suspended 
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between  them.  Xow  if  Llie  leaf  hangs  exactly  midway  between  the  terminal 
plates  of  the  column,  it  will  be  equally  attracted  by  *uch,  and  will  therefore 
remain  in  a  state  of  repose;  but  the  most  minute  quantity  of  electricity 
communicated  to  the  rap  of  the  instrument  will  disturb  this  neutral  condi- 
tion of  the  leaf,  and  it  will  immediately  move  towards  the  plate  which  has 
the  opposite  polarity. 

7.  Peltier's  Electrometer. — In  this  instrument  (shown  in  F|g.  65) 
the  directive  force  exerted  by  the  earth  upon  a  small  magnet  is 

6). 
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substituted  Fur  the  torsion  ul'  the  wire  in  Coulomb'a  torsion  elec- 
trometer (Fig-.  6.  p,  6  1.  A  small  magnetised  needle  Lb  .supported  upon 
11  long-  brass  win-,  which  moves  freely  on  a  pin  like  a  compass  needle  ; 
a  stout  metallic  rod,  terminated  above  by  a  ball,  passes  through  a 
glass  shade,  and  is  cemented  into  a  disc  of  ebonite,  which  forms 
the  hose  of  the  instrument.  Thie  ml  La  expanded  iuto  a  ring  wide 
enough  to  allow  free  motion  within  it  of  the  small  magnetic  needle. 
The  ring  cwriefl  two  brass  arms.  To  use  the  instrument,  it  is 
ed  bo  that  when  in  the  magnetic  meridian  the  braes  wire  on 
which  the  magnetic  needle  is  supported,  just  touches  the  two  fixed 
arms  of  the  bra&s  ring.  On  communicating  a  charge  of  electricity 
bo  1  lie  ball,  it  spreads  over  tin1  insulated  wire  and  111  fcdle, 

which  is  immediately  deflected  by  the  fixed  arms  of  the  brass  ring, 
and  the  amount  of  angular  deviation  gives  the  means  of  estimating 
the  force.  In  Messrs.  Elliot's  mode  of  constructing  the  electro- 
meter, the  needle  and  repelling  plates  are  insuhiied  l.v  a  composi- 
tioo  of  ^ujii-damar  and  Venetian  turpentine.  Tiny  retain  a 
nearly  constant  charge  for  some  time,  unaided  by  an  artificially- 
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dried  atmosphere;  at  the  end  of  twenty -four  hours  the  deflection 
due  to  the  charge  will  frequently  be  found  not  to  have  fallen  more 
than  one-half. 

(4.2 )    Professor     William     Thomson's     Electrometers.  — 

(L)  The  Divided  "Ring  .!■'/<  ctrvmtter. — The  following  id  the  principle 
-  rurCiini  of  thifl  instrument: — 

A  glass  tube,  about  a  foot  long,  Lb  arranged  as  an  inverted 
Leyden  jar.  In  the  inside,  and  in  metallic  connection  with  the 
inner  coating,  ia  suspended,  by  ■  fine  plfttxmifii  wipe,  an  aluminium 
needle  and  a  mirror.  The  former  swings  in  a  divided  box,  eon- 
HSting  of  a  Lollow  cylinder  of  brass,  divided  parallel  to  its  axis. 
Both  pArtfl  Bite  insulated  from  eftch  other,  and  from  the  other  part 
ot  tli"  instrument.  The  mirror  connected  with  the  needle  Ib  placed 
in  such  u  manner  that  a  ray  of  light  thrown  on  it  is  reflected  upon 
a  cylinder. 

A  considerable  quantity  of  pumice-stone,"  moistened  with  sul- 
phuric acid,  keeps  the  inside  of  the  instrument  perfectly  dry  ;  and 
when  the  Leyden  jar  ia  charged,  the  needle  is  thrown  into  1 
highly  electrified  state,  and  consequently  U  much  mora  sensitive 
to  electric  iuHticmv.  \->w,  if  ni;c  part  of  the  divided  box  a  con- 
nected with  the  earth,  and  the  other  with  a  large  insulated  vessel  of 
1.  constantly  discharging  a  One  jet  into  the  air  (43),  the.  electri- 
ie  atmosphere  is  communicated  to  it,  and  attract*  or 
Is  the  suspended  needle  as  the  ease  maybe.  Outside  i lie 
instrument,  on  the  same  level  as  the  mirror  attached  to  the  needle, 
a  second  fixed  mirror  is  placed,  which  reflects  the  light  of  a  lamp 
upon  the  cylinder  above  mentioned,  which  is  covered  with  photo- 
graphic paper,  and  moved  by  clockwork,  and  can  be  made  to 
revolve  once  in  twelve,  eighteen,  or  twenty-four  hours,  by  inserting 
01  wheels, 

A  g  lindrical  lens  converts  the  reflected  image  of  the  lamp  into 
two  spots  of  light,  which  are  superposed  when  The  needle  is  at 
rest.  The  reflection  of  the  Used  mirror  photographs  on  the  cylinder, 
when  set  in  motion,  a  straight  line — the  zsro  line.  The  mirror 
connected  with  the  needle  records  ou  the  cylinder  the  variations 
of  electric  tension  hi  the  atmosphere  in  ti  manner  similar  to  the 
self-recording  magnetometer.  Two  guages,  in  the,  shape  of  fans, 
enable  the  observer  to  determine  the  loss  of  charge  in  the  Leyden 
jar  within  twenty-four  hour-. " 

■  For  the  above  description  of  this  beautiful  instrument  ws  in  indebted 
ui  Mr,  Becker,  of  the  firm  of  Messrs.  Elliot  and  Co.,  the  makers  of  the  in- 
Hruoient,  from  w bum  further  particulars  respecting  it  may  tM  obtained. 
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(II.)  The  Common  House  Electrometer. — This  instrument  con- 
sists of— 

I.  A  thin  flint  glass  bell,  coated  outside  ami  inside  like  a  Leyden  phial, 
with  (hi  exception  of  the  bottom  inside,  which  contains  a  little  sulphuric 
acid. 

i.  A  cylindrical  metallic  wise,  enclosing  the  glass  jar,  cemented  to  it  round 
its  month  outside,  extending  upwards  about  nn  inch  ami  a  half  above  the 
mouth,  and  downwards  to  a  metal  base  supporting  the  whole  instrument, 
ali'1  protecting  the  glass  against  the  danger  of  breakage. 

3.  A  cover  of  plate-glass  with  a  metal  rim,  closing  the  top  of  the  cylin- 
drical 1  nstrmncnt. 

4.  A  torsion  head,  after  the  manner  of  Coulomb's  balance  (Fig.  6,  p.  6), 

rted  in  the  centre  of  the  glass  cover,  and  bearing  a  glass  fibre,  which 
Jiangs  down  through  an  aperture  in  its  centre, 

C.  A  light  alninini'.im  needle  attached  across  the  lower  end  of  the  fibre 
(which  is  somewhat  above  the  centre  of  the  glass  bell),  end  a  stiff  platinum 
wire  attached,  to  it  at  right  angles;,  and  hanging  down  to  near  tin;  bottom  of 
the  jar. 

6.  A  very  light  platinum  wire,  long  enough  to  hang  within  one-eiirlith  of 
an  inch  or  so  of  the  bottom  of  (lie  jar,  and  to  dip  in  the  sulphuric  acid. 

7.  A  metal  ring  attached  to  the  inner  coating  Of  the  jar,  bearing  two 
nlatea  in  proper  positions  for  repelling  the  two  ends  of  the  aluminium  needle 
When  similarly  electrified,  and  proper  stops  to  limit  the  angular  motion  of 
the  needle  to  within  about  450  from  these  plates. 

5.  A.  cage  of  fine  brass  wire,  stretched  on  brass  framewivrk,  supported  from 
the  main  case  above  by  two  glass  pillars,  and  partially  enclosing  the  two 
mdl  "f  the  needle  and  the  repelling  plates,  from  all  of  which  it  is  separated 
by  clear  spaces  id' nowhere  less  than  one-fourth  of  nn  inoH  of  air. 

9.  A  charging  electrode  attached  to  the  ring  (7),  and  projecting  over  the 
month  of  the  jar  to  the  outside  of  the  metal  case  (2)  through  a  wide  aperture, 
which  is  commonly  kept  closed  by  a  metal  cap,  leaving  at  least  on  u- quarter 
of  an  inch  of  air  round  the  projecting  end  of  the  electrode, 

10.  An  electrode  attached  to  the  cage  (8),  and  projecting  over  the  mnuth 
of  the  jar  to  the  outside  of  Uib  metal  case  (a)  through  the  centre  uf  an  aper- 
ture nbout  a  quarter  of  an  inch  in  diameter, 

This  instrument  fe  adapted  tn  measure  differences  of  'potential ' 
between  two  conducting  systems— namely,  as  one,  the  aluminium 
in  ledle  (  5),  the  repelling  plates  (7),  and  the  inner  coating  of  the 
jar;  and  as  the  other,  the  insulated  glass  cage  (8).  This  latter  is 
uonly  connected  by  means  of  its  projecting  electrode  (10) 
with  1  In-  I'ismlcii-tiH'  tu  be  tested,  The  two  conducting  systi  i 
through  their  projecting  electrodes  connected  bj  b  metallic  win' 
may  be  electrified  to  an  without  causing  the  slightest 

sensible  motion  In  the  needle.     If,  on  the  other  hnnd,  the  two  elec- 
trodes of  these  two  syatems  are  connected  with  two  conductors, 

electrified  to  different  potentials,  th tedle  moves  away  from  the 

repelling  plates  ;  and  if  by  turning  the  torsion  bend  it  is  brought 
bach  to  one  accurately -marked  position,  the  number  of  degrees  of 
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loivi'iii  required  ie  proportional  to  the  gijuurn  of  the  difference  of 
potentials  thus  tested. 

In  the  ordinary  use  of  the  instrument,  the  inner  coating-  of  the 
Leyden  jar  is  charged  negatively  by  an  external  application  of  .1.  .■- 
Canity  through  its  projecting  electrode  (9).  The  degree  of  the 
charge  thus  communicated  ia  determined  hy  putting  the  cage  in' 
connection  with  the  earth  through  its  electrode  ( 10),  and  bringing 
the  needle  by  torsion  to  its  marked  position.  The  tqttare  root  ot 
degrees  of  torsion  required  to  effect  thia  measures 
die  '  potential '  of  the  Leyden  charge.  ThiB  result  i.s  oaled&e 
reduced  earth-readtRff.  When  the  atmosphere  inside  the  jar  is 
.sufficiently  dry,  this  charge  is  retained  from  day  to  day  with 
little  loss — not  more  often  than  one  per  cent,  in  twenty-four  hours. 

In  using  thia  instrument,  the  changing  electrode  (9)  of  the  jar  ia 
left  untouched,  with  the  aperture  through  winch  it  projects  closed 
over  it  by  the  metal  cap*referred  to  above.  The  electrode  (ioj  of 
ihe  cage,  when  an  observation  ia  to  be  made,  ia  connected  with 
'inductor  to  he  tested,  and  the  needle  ia  brought  by  torsion  to 
its  marked  position.  The  square  root  of  the  number  of  degrees  of 
torsion  now  required  measures  the  difference  of  potentials  between 
tin-  conductor  tested  and  the  interior  coating  of  the  Leydetl  jar, 
excess,  positive  or  negative,  of  this  result  above  the  redu.vd 
earth-reading  measures  the  excess  of  the  'potential,'  positive  or 
negative,  of  the  conduotor  tested  above  that  of  the  earth  ;  or  simply 
the  potential  of  the  conductor  tested,  if  we  regard  that  of  the  <■ 
as  zero. 

In  addition  to  these  instruments,  Professor  Thomson  has  in- 
vented a  portable  electrometer,  constructed  on  the  same  principles 
house  electrometer  above  described.  Amongst  its  objects  are 
— 1.  To  test  the  condition  of  the  air  at  various  places  at  the  same 
time,  or  nearly  the  same  time  ;  t.  To  test  the  condition  of  the  air 
at  a  given  place  at  various  times ;  3.  To  test  the  insulating  powers  of 
materials  by  observing  gradual  loss  of  charge  from  a  body  insulated 
by  these  materials;  4.  To  test  the  electromotive  force  of  bat  t 
and  other  rheomotors  j  5.  To  test  the  nature  of  electricity  ob- 
i  in  any  given  way.* 

(43)   Thomson's    Simple  Apparatus  for  Observing  Atmo- 
spheric Electricity. — It  consists  of  an  insulated  can  of  water  bo 
m  a  table  or  window-sill  imide,  and  discharge  by  a  small  pipe 
through  a  fine  nozzle  two  or  three  feet  from  the  wall.     With  only 


•  Of  tli is  instrument  no  description  hns  ns  yet  been  published,  but  full 
information  respecting1  it   inny  be  obtained  from  Messrs.  Elliot,  opticians, 

Strand. 


about  ten  inches  head  of  water,  anil  a  discharge  so  slow  as  to  give  no 
trouble  in  ri-p]i>mshin<r  the  can  with  water,  the  atmooplieiui  affect 
is  collected  so  quickly  Hint  any  difference  of  potentials  a  between 
the  insulated  conductor  and  the  air,  at  the  place  where  the  stream 
tin  mi  the  nozzle  breaks  into  drops,  is  done  away  with  at  the  rate  of 
Rtq  yier  cent,  per  half-second,  and  even  faster.  Hence  a  ran 
moderate  degree  of  insulation  is  sensibly  as  good  as  perfect,  as  far 
as  observing  the  atmospheric  effect  is  conoarnecl 

I  iv  drying  the  aboeephere  round  the  insulating  stems  by  mean* 
of  pumice-stone,  moistened  with  sulphuric  acid,  a  high  degree  of 
insulation  may  be  insured  in  all  Weathers,  but  it  i>  neoeaaarjto 
keep  the  outer  part  of  the  apparatus  clear  of  spider-lines. 

An  apparatus  constructed  on  this  principle  was  employed  by  Thomson  in 
some  examinations  of  atmospheric  electricity  nt  Invenlov,  It  stood  on  11 
table  batidc  a  window  on  the  second- floor,  which  was  kept  open  kbmtl  an 
inch  to  lor  the  discharging  tube  project  out  Without  coming;  into  com  act 
wilh  the  frame.  The  nozzle  was  only  about  a!  feet  from  the  wall,  and 
nearly  on  a  level  with  the  window-sill.  The  divided-ring  electrometer 
(42  I.)  stood  on  the  table  beside  it;  it  acted  remnrkutily  well,  being 
supplied  "with  a  Ley  den  phial,  consisting  of  a  common  thin  white.  glnssHbade 
instead  of  a  German  glass  jnT,  which  Thomson  found  not  to  hold  its  charge 
well. 

I  be  index  required  13I0  to  14^  of  torsion  to  bring  it  to  zero,  when  Urged 
aside  by  the  electro-motive  force  of  10  cells  of  zinc  and  copper  charged  with 
watrr  only.  The  atmospheric  effect  ranged  from  jo°  to  about  4200  during 
the  four  days  of  the  experiment ;  that  is  to  say,  the  electro-motive  force  per 
foot  of  air,  measured  horizontally  from  the  side  of  the  house,  was  from  9  to 
ia6  zinc  copper  water-cells.  The  weather  was  almost  perfectly  settled, 
either  calm  or  with  slight  east  wind.  The  electrometer,  twice  within  half 
an  hour,  went  nbove+ao0,  there  being  at  the  time  a  fresh  temporary  breeze 
from  the  east. 

What  Thomson  had  previously  observed  regarding  the  effect  on  mi  eaat 
wind  was  amply  confirmed.  Invariably  the  electrometer  showed  very  high 
poattrn  in  tine  weather  before  and  during  east  wind.  It  generally  rose  very 
much  shortly  before  a  slight  puff  of  wind  from  that  quarter,  and  continued 
high  till  the  wind  would  begin  to  abate.  The  electrometer  was  never  ob- 
served to  go  up  unusually  high  during  fair  weather  without  east  wind 
following  immediately. 

■  inly  masses  of  air  at  no  great  distance  from  the  earth,  certainly  not 
more  than  a  mile  or  two,  influence  the  electrometer  largely  by  the  electricity 
they  carry. 


•  The  term  electric  potential  is  defined  by  Prof.  Witt.  Thomson  AS  fol- 
lows:— 'The  jmtmtiul,  at  any  point  in  the  neighbourhood  of  or  within  on 
electrified  body,  is  the  quantity  of  work  that  would  be  required  to  bring  11 
unit  of  positive  electricity  from  on  infinite  dist,wi-  to  that  point,  if  the  given 
distribution  of  electricity  remained  unaltered.'  (Paper  read  before  the  British 
it  ion,  1852.) 
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("44.)  Exploring  "Wires.  —  The  lute  Up.  Crosse  arid  the  late 
M  t.  Weekes  examined  the  electrical  condition  of  the  lower  regions 
<.i  tin!  atmosphere,  the  former  at  Broomfield  in  Somersetshire,  Bad 
the  hitler  at  the  town  of  Sandwich,  liy  means  of  exploring  wires 
insulated  on  appropriate  supports.  At  Broomfield,  the  wires  ex- 
tending to  tunny  hundred  yards  were  attached  to  poles  fixed  on 
trees  :  at  Sandwich  the  wire  was  extended  between  the  vane- 
Spmdles  of  two  churches,  through  a  length  of  365  yards. 

|£r,  Cxoese  jrivea  the  Following  account  of  the  phenomena  ob- 
served 00  the  approach  of  a  thundercloud  to  his  exploring 
wire : — 

'  When  the  cloud  draws  near,  the  pith- balls  suspended  from  the  conductor 
open  wide,  with  either  positive  or  negative  electricity;  ami  when  the  edge 
of  the  cloud  ia  perpendicular  to  the  exploring  wire,  a  slow  succession  of 
discharges  takes  place  between  the  brass  bull  of  the  conductor  and  one  of 
equal  size  carefully  connected  with  the  nearest  spot  of  moist  ground.  I 
ij-ii, illy  connect  a  large  jar  with  the  conductor,  which  increases  the  form 
and  in  some  degree  regulates  the  number  of  explosions  ;  and  the  two  balls, 
between  which  the  discharges  pass,  can  he  easily  regulated  as  to  their  dis- 
tance from  each  other  by  a  screw.  After  a  cerlain  number  of  explosions, 
nay  of  negative  electricity,  which  at  first  may  be  nine  or  ten  a  minute,  u 
cessation  occurs  of  some  seconds  or  minutes,  as  the  esse  may  be,  when  about 
an  equal  number  of  explosions  of  positive  electricity  takes  place,  of  similnr 
force  to  the  former,  indicating  the pmmu/e  aftwoappimtely  and  equally  electrified 
zone*  t>f  child.  Then  follows  a  second  zone  of  negative  electricity,  occasioning 
several  more  discharges  in  a  minute  than  from  either  of  the  first  pair  of 
zones,  which  rate  of  increase  appears  to  vary  according  to  the  size  and 
power  of  the  cloud.  Then  occurs  another  cessation,  followed  by  an  equal  ly 
powerful  aeries  of  discharges  nf  positive  electricity,  indicating  the  passage  of 
a  second  pair  Of  zones  ;  these  in  like  manner  are  followed  by  others,  fearfully 
increasing  in  (Ik-  rapidity  of  the  discharges,  when  a  regular  stream  commences, 
interrupted  only  by  the  change  into  the  opposite  electricities.  The  intensity 
of  each  new  pair  of  zones  is  greater  than  that  of  the  former,  ns  may  be 
proved  by  removing  the  two  balls  to  a  greater  distance  from  each  other. 
When  the  centre  of  the  'U.uil  to  the  wire,  the  greatest  effect  takes 

place,  during  which  the  window*  rattle  in  their  frames,  and  the  bursts  of  thunder 
without  and  the  noise  within,  every  now  and  then  accompanied  with  a  crash 
of  accumulated  fluid  >n  the  wire,  striving  to  get  free  between  the  bulls, 
produce  the  most  awful  effect,  which  is  not  a  little  increased  by  the  pauses 
occasioned  by  the  interchange  of  zones. 

'  As  the  cloud  passes  onward,  the  opposite  portions  of  the  zones  which  first 
affected  the  wire  come  into  play;  and  the  effect  is  weakened  with  each 
successive  |jair,  tilt  all  dies  away,  and  not  enough  electricity  remains  in  the 
atmosphere  to  affect  a  gold-leaf  electroscope.' 

(45)  Electrical  rog. — Of  the  electrical  phenomena  attending 
a  dense  November  fog  Mr,  Crosse  furnished  the  author  with  the 
following  graphic  description :  — 
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•  Many  years  ago  I  vrus  sitting  in  my  electrical  room  on  a  dark  November 
< I .iv.  during  a  very  dcQM  driving  fog  and  rain,  which  had  prevailed  for 
many  hours,  sweeping  over  tin-  earth*  and  Impelled  by  a  south-west  wind. 
The  mercury  in  the  barometer  wm  low, and  the  thermometer indicated  a  low 
temperature.  I  had  at  this  time  1,600  feet  of  wire  insulated,  which,  crossing 
two  small  valleys,  brought  the  electric  fluid  into  my  room.  There  were 
four  insulators,  and  each  of  them  was  slreuming  with  wet  from  tho  effects  1 
the  driving  fog.  From  about  8  a.m.  until  4  r.&t.  not  the  least  appearanc 
of  electricity  was  visible  at  the  atmospheric  conductor,  even  by  'lie  most 
careful  application  of  tho  condenser  and  multiplier;  indeed,  so  effectually  did 
tlie  exploring  wire  conduct  away  the  electricity  which  wag  communicated  to 
it,  that  when  it  was  connected,  by  means  of  a  copper  wire,  with  the  prime 
conductor  of  an  18-inch  cylindric  electrical  machine  in  high  action,  and  a 
gold-leaf  electroscope  placed  in  contact  with  the  connecting  wire,  not  the 
iteSt  effect  was  produced  upon  the  gold  leaves.  Having  giveu  up  the 
trial  of  further  experiments,  I  took  a  book  and  0  •  -.If  with  reading, 

leaving  by  chance  the  receiving-ball  upwards  of  an  inch  distant  from  the 
ball  of  the  atmospheric  conductor.  About  4  p.m.  I  suddenly  heard  a  very 
strong  explosion  between  the  two  balls,  and  shortly  after  many  more  took 
place,  until  they  became  one  uninterrupted  stream  of  explosions,  which 
gradually  died  away,  and  then  recommenced  with  tho  opposite  electricity 
in  tfjiial  violence.  The  stream  of  tire  was  too  vivid  to  look  at  for  any  length 
of  time,  and  the  effect  was  most  splendid,  continuing  without  intermission, 
save  that  occasioned  by  the  interchange  of  electricities,  for  upwards  of  jivt 
hours,  and  then  totally  ceased.' 

(46)  Mode  of  Examining  the  Electrical  Condition  of 
the  Higher  Regions  of  the  Atmosphere.  For  this  purpose 
the  r'rauklinian  kite  may  be  employed,  but  great  care  is  requisite 

in  conducting  tlie  experiments,  as  severe  shorts  eived 

from  the  atring,  even  under  11  clear  and  cloudless  sky.  The  late 
Mr,  Sturgeon  hod,  however,  the  boldness  to  send  up  a  kite  during1 
a  thunderstorm,  and  he  has  given  the  Following  description  of  the 
phenoiHiiiii  be  observed: — 

•The  wind  had  abated  to  such  a  degree,  and  the  rain  fell  so  heavily,  that 
it  was  with  some  difficulty  that  I  got  the  kite  afloat,  and  when  up  its 
greatest  altitude  (lid  not  exceed  fifty  yards.  The  silken  cord  also,  which 
had  been  intended  for  the  insulator,  soon  became  so  completely  wet  that  it 
wan  no  insulator  nt  all;  notwithstanding  all  these  impediments  being  in  the 
way,  I  was  much  gratified  with  the  display  of  the  electric  matter  issuing 
from  the  and  of  the  string  to  a  wire,  one  end  (if  which  was  laid  ou  the 
ground  and  the  other  attached  to  the  silk,  at  about  four  inches'  distance 
from  the  res!  of  the  kits-string;  m  uninterrupted  piny  of  the  fluid  was  seen 
over  the  four  inches  of  wet  silken  cord,  not  in  sparks,  but  in  a  bundle  of 
quivering  purple  ramifications,  producing  a  noise  similar  to  that  of  a  n  . 

iv  large  sparks,  however,  wire  frequently  seen  between  the 

lower  end  of  the  wire,  wo  Ich  rested  on  the  grass  and  the  ground ;  and  several 

irds  the  kite,  1 .  .ken,  were  ocos- 

ly  illuminated.    The  noise  from  the  string  in  the  air  waa 
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like  to  the  hissing  of  an  immense  flock  of  geese,  with  an  occasional  rattling 

■craping  noise. 

•The  ree)  was  occasionally  enveloped  in  a  blaze  of  purple  arborised 
i  foal  lire,  whose  numberless  branches  ramilied  over  the  silken  cord  and 
through  the  air  to  the  blades  of  glass,  which  also  became  luminous  on  their 
points  and  edges  over  a  surface  of  some  yards  in  BtammftNMR  We  also 
saw  a  complete  ploba  of  firm  pass  over  the-  Silken  cord  between  the  wire  and 
the  reel  of  the  kite-string;  it  -was  exceedingly  brilliant,  and  the  only  one 
that  we  noticed,' 

,  It  ia  sometimes  necessary  to  pawl  nie  EOgjoue  of  the  atmosphere 
beyond  the  height  attainable  by  n  single  kite,  before  signs  of  elec- 
tricity can  he  obtained;  thie  rnny  he  done  by  letting1  two,  three, 
•  i  mora  kftae  fly  from  tbe  same  string.  The  first  kite  is  sent  up 
as  usual,  and  when  it  hits  reached  its  maximum  elevation,  the  end 
of  its  string  is  put  through  a  slit  in  the  middle  Btick  of  the  second, 
and  tied  tn  its  string  ;  tin-  second  kite  is  >  d;  in  like  man- 

ner a  third  may  be  added,  and  thus  great  heights  may  be  reached. 
flu-  highest  kite  is  almost  invariably  positive  to  the  other  two  ; 
le  centn;  liitbpoaHiti  fco  the  one  below  it,  and  the  lowest  p 

the  ground. 

(+7)  Thunder  and  lightning.  —  Tin  analog)'  between  the 
rie  spark  and  lightning  was  noticed  at  au  early  period  of 
tricftl  science.  In  1708  Dr.  Wall  pointed  out  11  resemblance 
between  them.  In  1735  Grey  awji-vtun'tl  their  identity,  and 
that  they  differed  only  in  i%?w;aml  in  1748  the  Abbe  Noll et 
reproduced  the  conjecture  of  Grey,  attended  with  more  substantial 
reasons ;  but  it  waa  reserved  for  the  great  American  philosopher 
Franklin,  in  June  17$!,  to  demonstrate  the  identity  by  the  bold 
experiment  of  bringing  down  lightning  from  the  heavens  by  means 
of  a  kite,  and  by  performing  with  it  experiments  similar  to  those 
usually  made  with  ordinary  electricity. 

The  foil  the  account  transmitted  to  us  of  this  grand 

anient: — 

■  Ho  prepared  his  kite  by  making  a  small  cross  of  two  light  strips  of 
cedar,  the  arms  uf  sufficient  length  to  extend  to  the  four  comers  of  a  large 
silk  handkerchief  stretched  upon  tUem  ;  to  the  extremities  of  tbe  arms  of 
the  cross  he  tied  the  corners  of  the  handkerchief.  This  being  properly 
supplied  with  a  tail,  loop,,  and  string,  could  be  raised  in  the  air  like  a  COflJ- 
and  being  made  of  silk,  was  more  capable  of  bearing  rnin 
Dd  wind.  To  the  upright  arm  of  the  cross  was  attached  an  iron  point,  the 
nwer  end  of  which  waa  in  contact  with  the  string  by  which  tbe  kite  was 
which  was  a  hempen  cord.  At  the  lower  extremity  of  this  cord,  near 
the  observer,  a  key  was  fastened;  and  in  order  to  intercept  the  electricity  in 
'-ni,  and  prevent  it  from  reaching  the  person  who  held  tin-'  kite,  a 
m  was  tied  to  the  ring  of  the  key,  and  continued  to  the  hand  by 
rhkb  the  kite  was  held. 
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'  Famished  with  this  apparatus,  on  the  approach  of  a  storm  he  went  on 
upon  the  common  near  Philadelphia,  accompanied  by  his  son,  to  whom  alone 
he  communicated  his  in  tent  tuna,  wall  knowing  the  ridicule  which  would  have 
attended  the  report  of  such  an  attempt  should  it  prove  to  be  unsuccessful. 
Having  raised  the  kite,  he  placed  himself  under  a  shed,  that  the  ribbon 
by  which  it  was  held  might  be  kept  dry,  as  it  wonld  become  a  conductor  of 
electricity  when  wetted  by  rain,  and  so  fail  to  afford  that  protection  for 
which  it  was  provided.  A  cloud,  apparently  charged  with  thunder,  soon 
passed  directly  over  the  kite.  Franklin  observed  the  hempen  cord-,  but  no 
bristling;  of  its  fibres  was  apparent,  such  as  was  wont  to  lake  place  when  it 
was  electrified.  He  presented  Ids  knuckle  to  the  key,  but  not  the  smallest 
spark  was  perceptible.  After  the  lapse  of  some  time,  however,  he  saw  that 
the  fibres  of  the  cord  near  the  key  bristled  and  stood  on  end.  He  presented 
his  knuckle  to  tho  key,  and  received  a  strong  bright  spark.  It  teat  lightning. 
A  shower  now  fell  which,  wetting  the  cord  of  the  kite,  improved  its  con- 
ducting power;  sparks  in  rapid  succession  were  drawn  from  the  key;  a 
Leyden  jar  was  charged  by  it,  and  a  shock  was  given:  in  fine,  all  tho  ex- 
periments which  were  wont  to  be  made  by  electricity  were  reproduced 
U.  mil  al  in  all  their  concomitant  circumstances,' 

It  appears  that  the  first  spark  from  an  atmospheric  exploring 
apparatus  was  obtained  by  M.  Dalibard,  at  Marly-la- Ville,  one 
month  before  Franklin's  kite  experiment  in  America,  but  aa  bis 
arrangements  were  made  at  the  suggestion  and  on  the  principles  of 
Franklin,  it  is  unquestionably  to  the  latter  the  honour  of  having 
established  the  identity  between  electricity  and  lightning  must  be 
awarded. 

Franklin's  experiment  was  eagerly  repeated  in  almost  every  civil- 
ised country,  and  with  variable  success.  In  France  a  grand  result 
was  obtained  by  Romas,  who  constructed  a  kite  seven  feet  high, 
which  be  raised  to  the  height  of  550  feet  by  a  string  having  a  fine  wire 
interwoven  throughout  its  whole  length.  It  is  stated  that  on  the 
a6th  of  August,  1756,  dashes  of  fire  ten  feet  long  were  given 
off  from  this  conductor.  In  1753,  Professor  Ricbrnann,  of  St 
Petersburg,  was  struck  dead  by  a  flash  of  lightning  from  an  ex- 
ploring apparatus  he  had  erected  for  the  purpose  of  repeating 
Franklin's  experiments. 

Lightning  and  thunderthen  are  atmospheric  electrical  phenomena, 
and  a  thunderstorm  ib  the  result  of  on  electrical  disturbance  arising 
from  the  accumulation  of  active  electricity  in  masses  of  vapour  con- 
densed in  the  atmosphere.  Agreeably  with  the  laws  of  induction, 
a  mass  of  electrified  vapour  determines  an  opposite  electrical  state 
that  portion  of  the  earth's  surface  directly  opposed  to  it:  the 
particles  of  intervening  air  assume  a  peculiar  forced  electrical  state 
which  has  been  termed  'polarised,'  and  when  the  tension  has  been 
raised  to  a  certain  point,  and  the  particles  can  no  longer  resist  the 

idency  of  the  opposite  electrical  forces  to  combine,  they  are  dis- 
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i  and  broken  through  with  a  greater  or  less  degree  of  mecha- 
violence.     The  clouds  and  the  earth;  or  two  oppositely  elec- 
trified cloude,  cnrrespoud  to  the  coatings,  and  the  intervening  air 
to  the  glass  of  the  Leyden  phial,  and  the  thunderstorm   is  the 
charging  mid  discharging  of  this  huge  system. 

The  siiaji  attending  the  spark  from  the  prime  conductor,  and  the 
awful  thunder-crash,  are  undoubtedly  similar  phenomena,  and  pro- 
ii  -I  i]  by  the  same  action.  The  ciuise  is  the  vibration  of  the  air, 
agitated  by  the  passage  of  the  electric  discharges  ■with  a  greater  or 
less  degree  of  intensity ;  and  two  explanations  may  he  given  of  the 
manner  in  which  the  vibration  is  produced.  On  the  one  hand,  it 
may  be  imagined  that  the  electric  fluid  opens  for  itself  a  passage 
through  air  or  other  matter,  in  the  manner  of  a  projectile,  and 
thai  the  sound  is  caosed  by  the  rush  ofthe  air  into  the  vacuum  pro- 
duced by  the  instantaneous  passage  ofthe  fluid;  or,  on  the  other 
hand,  the  vibration  may  be  referred  to  a  decomposition  and  recom- 
position  of  electricity  in  all  the  media  in  which  it  appears.  On  this 
hypothesis  the  continued  roll  is  the  effect  of  the  comparatively  slow 
propagation  of  sound  through  air. 

The  Utter  of  these  two  ways  of  accounting  for  the  vibration 
seems  to  accord  best  with  facte  f  for,  in  the  first  place,  it  has  beeu 
objected,  dial  if  the  noise  were  occasioned  by  the  electric-  tlnid 
forcing  for  itself  a  passage  through  the  air,  a  similar  sound  ought 
to  be  produced  by  a  cannon  ball ;  and  a  still  stronger  objection  is, 
tliat  experiments  seem  to  indicate  that  the  electric  fluid  is  not 

t transferred   from  point  to  point  like  a  projectile  of  ponderable 
matter,  but  by  the  vibration  of  an  elastic  medium. 
(4.8)  Phenomena  of  a  Thunderstorm. — The  appearance  of 
the  heavens  previous  to  and  during  a  thunderstorm,  were  thus  do- 
scribed  by  Bocearia  (Lelterc  delC  Elettricismo,  Bologna,  1758)  : — 
1  A  dense  cloud  is  first  formed,  increasing  rapidly  in  magnitude,  and  ascend- 
ing into  the  higher  regions  of  the  atmosphere.    The  lower  end  ia  black  and 
;  horizontal,  but  the  upper  end  is  finely  arched  arid  well  defined.  Many 
of  the.se  clouds  often  seemed  piled  one  upon  the  other,  all  arched  in  the  same 
manner;  but  they  keep  constantly  uniting,  swelling,  and  extending  their 
arches.    When  such  clouds  rise,  the  firmament  is  usually  sprinkled  over 
with  a  great  number  of  separata  clouds  of  odd  and  bizarre  forme,  which  keep 
quite  motionless.    When  the  thunder-clouds  ascend,  these  are  drawn  to- 
wards it,  and  os  they  approach  they  become  more  uniform  and  regular  in 
their  shapes,  till   coming  close  to   the    thunder-cloud  their  limbs   stretch 
mutually  towards  each  other,  finally  coalesce,  and  form  one  uniform  mass. 
13 ut  sometimes  the  thunder-cloud  will  swejl  and  increase  without  the  addition 
eae  smaller  cIouiIb.     Some  of  the  hitter  appear  like  white  fringes  at  the 
skirts  of  the  thunder-cloud,  or  under  the  body  of  it ;  but  they  continually 
grow  darker  and  darker  as  they  approach  it, 
'  When  the  thunder-cloud  thus  augmented  has  attained  a  great  magnitude, 
o2 
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its  lower  surface  in  often  ragged,  particular  parts  being  detached  towards 
the  earth,  but  still  curtnected  with  the  rest.  Sometimes  the  lower  suri'm-i- 
swells  into  large  protuberances,  tending  uniformly  towards  the  earth;  bat 
sometimes  one  whole  side  of  the  cloud  will  have  an  inclination  to  the  eartli, 
which  the  extremity  of  it  will  nearly  touch.  When  the  observer  is  under 
the  thunder-cloud  after  it  is  grown  larger  and  is  well  formed,  it  is  seen  to 
sink  lower  and  to  darken  prodigiously;  and  at  the  same  tima  a  great  number 
of  smalt  clouds  are  observed  in  rapid  motion,  driven  about  in  irregular 
directions  below  it.  While  these  clouds  WO  agitated  with  the  moat  rapid, 
motions,  the  rain  generally  falls  in  abundance  ;  and  if  the  agitation  be  very 
great  it  hails. 

'  While  the  thunder-cloud  is  swelling  and  extending  itself  over  a  largo 
tract  of  country,  tbe  lightning  is  seen  to  dart  from  one  part  of  it  to  another, 
aud  often  to  illuminate  its  whole  mass.  When  the  cloud  has  acquis 
sufficient  extent,  the  lightning  strikes  between  the  aloud  ud  tbe  Mttib  in 
two  opposite  places,  the  path  of  the  lightning  lying  through  tho  whole  body 
of  the  cloud  and  its  branches.  The  longer  this  lightning  continues,  the 
rarer  does  the  cloud  grow,  and  the  less  dark  iu  its  appearance,  till  it  breaks. 
in  different  places  and  shows  a  clear  sky.  W  hen  (he  thunder-cloud  is  thus 
dispersed,  those  parts  which  occupy  the  upper  regions  of  the  atmosphere  are 
spread  thin  and  equally  ;  and  those  that  are  beneath  are  black  ami  thin  also, 
but  they  vanish  gradually  without  being  driven  away  by  the  wind.? 

A  great  difference}  will  be  observed  in  the  appearance  of  the 
flashes  of  lightning  during  a  thunderstorm.  The  scene  is  bqsoi - 
times  rendered  awfully  magnificent  by  their  briiliamy,  frequence, 
and  extent ;  darting  sometimes  on  broad  and  well-defined  line  a 
i  cloud  to  cloud,  and  sometimes  shooting  towards  the  earth  ; 
they  then  become  zigzag  and  irregular,  or  appear  as  a  large  and 
rapidly  moving  baB  of  fire,  an  appearance  usually  designated  by 
the  ignorant  a  th  \  and  erroneously  supposed  to  be  attended 

by  t  lie  fall  of  a  solid  body.  The  report  of  the  thunder  ie  also  modified 
according  to  the  nature  of  the  country,  the  extent  of  the  air  through 
which  it  passes,  and  the  position  of  the  observer.  Sometimes  it 
sounds  like  the  sudden  emptying  of  a  large  cnrt-load  of  stones, 
sometimes  like  the  firing  of  a  volley  of  musketry — in  these  eases  it 
usually  follows  the  lightning  immediately,  and  is  near  at  bund, 
"When  more  distant,  it  rumbles  and  reverberates  at  first  wit! 
loud  report,  gradually  dying  away,  and  returning  at  intervals,  or 
roaring  like  the  discharge  of  heavy  artillery. 

In  accounting  for  these  phenomena,  it  must  be  remembered  that 
the  passage  of  electricity  is  almost  infinitely  rapid.  A  discharge 
irh  a  circuit  of  many  miles  has  been  experimentally  proved  1" 
be  instantaneous.  The  motion  of  light  is  similarly  rapid,  and 
hence  the  flash  appears  momentary,  however  great  the  distance 
through  which  it  passes  ;  but  sound  is  vastly  slower  in  its  pro- 
gress, travelling  in  air,  according  to  the  most  recent  experinu 
of  the  members  of  the  Paris  board  of  longitude   1,115  feet  in   9 
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t  60  cleg1.  1  iihr.     Now  supposing  the  lightning  to  pass 
through  ft  ("pace  of  some  miles,  the  explosion  will  be  lirst  heard 
from  the  point  of  the  air  agitated  nearest  the  spectator,  it  will 
gradually  Come  from  tbe  more  distant  parts  of  the  course  of  tbe 
electricity,  and  last  of  all  it  will  he  heard  from  tbe  remote  extre- 
mity ;  and  the  different  degrees  of  agitation  of  tbe  air,  and  likewise 
tin'  difference  of  the  distance,  will  account  for" tbe  different  inutil- 
ities of  the  sound  and  tbe  reverberation. 
Thomson  bus  bad  Several  opportunities  of  observing  electrical 
Indications  with    his   portable    electrometer    (43)    during    dtiy 
thunderstorms.     He  commenced  the  observation  on  each  occasion 
ard  thunder  and  perceived  frequent  impulses  on  the 
needle  which  caused  it  to  vibrate,  indicating  sudden  changes  of 
ric  'potential1  al  the  place  where  be  stood.    He  could  connect 
the  larger  of  these  impulses  with  thunder  heard  some  time  later, 
with  about  the  same  degree  of  certainty  as  the  brighter  tiaslre-t  of 
lightning  during  a  thunderstorm  by  night  are  usually  recognised 
as  distinctly  connected   with  the  distant  peals  of  thunder.     By 
justing  time,  be  estimated  the  distance  of  the  discharge  as  not 
tearer  on  any  occasion  than  about  four  or  tive  miles.     On  none  of 
iese  occasions  did  he  see  any  lightning. 

The  absolute '  potential '  at  the  position  of  the  burning  match  was 

.rtimys positive  and  sometiiii'-v  negative,  had  the  Sudden  changes 

demonstrated  by  the  impulses  on  the  needle  wi  as  be  could 

jodge,  as  often  augmentations  of  positive  or  diminutions  of  nega- 

as  diminutions  of  positive  or  augmentations  of  negative. 

(49)  Varieties  of  lightning. — Arago  divides  tin-  phenomena 

of  lightning  into  three  classes.     In  the  first,  lie  places  khoAE  Inniiii- 

•  •u-i  discharges  characterised  by  a  long  streak  ef  liu'ht,  mtv  thin, 

ii.ii'  1  well-defined  at  the  edges;  they  are  not  always  white,  but  are 

sometimes  of  a  violet  or  purple  hue  3  they  do  not  move  in  n  straight 

.  but  have  a  deviating  track  of  a  zigzag  form.     They  frequently 

divide  in  atrDring  terrestrial  objects  into  two  or  more  distinct 

1,1-,  but  im  ariably  proceed  from  a  singte  point. 

Under  tbe  second  class,  Arago  has  placed  those  luminous  effects 

not  having  any  apparent  depth,  but  expanding  over  a  vast  surface. 

j  niv  frequently  coloured  blue,  red,  and  violet;  they  have  not 

the  activity  of  the  former  class,  and  are  generally  confined  to  the 

tee  ol'  the  cloud  from  which  thay  appear  to  proceed. 

In  tin'  third  class  are  included  those  more  concentrated  masses 

of  light  which  Arago  terms  'globular'  lightning.     The  long  rig* 

zag  and  expanded  Hashes  exist  but  for  a  moment,  but  them  seem 

odure  for  man;  seconds;  they  appear  to  occupy  time,  and  to 

have  a  progressive  motion. 


86 


ATMOSPHERIC    ELECTBICITY. 


*  It  is  more  than  probable,'  observes  Sir  William  Snow  Harris  {Essay  on 
the  Nature  of  Thmiderttorms), '  that  many  of  these  phenomena  Hre  a!  last 
reducible  to  the  common  progress  of  the  disruptive  discharge  modified  tiv 
the  quantity  of  passing  electricity,  the  density  and  condition  of  the  air,  and 
the  brilliancy  of  the  attendant  light.  When  the  state  of  the  atmosphere  is 
such  that  a  moderately  intense  discharge  can  proceed  in  an  uccasionally 
deviating  zigzag  line,  the  great  nucleus  or  head  of  the  discharge  becomes 
drawn  out  as  it  were  into  a  line  of  light  visible  through  the  whole  track  • 
and  if  the  discharge  divides  on  approaching  a  terrestrial  object,  we  hare  what 
sailors  call  'forked  lightning;'  if  it  doe*  not  divide,  but  exhibits  a  long 
rippling  line  with  but  little  deviation,  they  call  it  l  chain  lightning.'  What 
sailors  term  '■sheet  lightning*  is  the  light  of  a  vivid  discharge,  reflected  from 
the  surface  of  distant  clouds,  the  spark  itself  being  concealed  by  a  dense 
intermediate  moss  of  cloud,  behind  which  the  discharge  has  taken  place.  In 
this  way  an  extensive  range  of  cloud  may  appear  in  a  blaze  of  light,  pro- 
ducing a  truly  sublime  effect.  The  appearance  termed  * globular  lightning' 
may  be  the  result  of  similar  discharges;  it  is,  no  doubt,  always  attended  liy 
a  iliiTusely  luminous  track;  this  may,  however,  be  completely  eclipsed  in  the 
mind  of  the  observer  by  the  great  concentration  and  density  of  the  discharge 
in  the  points  immediately  through  which  it  continues  to  force  its  way,  and 
where  the  condensation  of  the  air  immediately  before  it  is  often  extremely 
great.  It  is  this  intensely  luminous  point  which  gives  the  notion  of  globu- 
lar discharges;  and  it  is  clear,  from  the  circumference  of  air  which  may 
become  illuminated,  the  apparent  diameter  will  often  be  great.' 

In  many  cases  in  which  distinct  balls  of  fire  of  sensible  duration 
have  been  perceived,  the  appearance  may  have  resuh- 
species  of  brush  (10,  b.)  or  glow  (so,  c.)  dischai>: <■.  and  it 
is  not  difficult  to  conceive  that  before  a  discharge  of  the  whole 
system  takes  place,  that  is  to  Bay,  before  the  constrained  condition 
of  the  dielectric  particles  of  air  intermediate  between  the  clouds  and 
the  earth  becomes  as  it  were  overturned,  the  particles  nearest  one  of 
the  terminating'  plains  or  other  bodies  situate  on  them  may  begin 
to  discharge  upon  the  succeeding  particles,  and  make  an  effort  to 
n-store  the  natural  condition  of  the  system  by  a  gradual  process, 

(50)  Positions  or  Safety  during  a  Thunderstorm. — If  out 
of  doors,  trees  should  he  avoided :  and  if  from  the  rapidity  with 
which  the  explosion  follows  the  flash,  it  should  he  evident  that 
the  electric  clouds  are  near  at  band,  a  recumbent  position  on  the 
ground  is  the  most  secure.  It  is  seldom  dangerous  to  take  shelter 
under  .sheds,  curls,  low  buildings,  or -the  arch  of  abridge;  the  dis- 
tance of  twenty  or  thirty  feet  from  tall  trees  or  houses  is  rather  an 
eligible  situation,  for  should  a  discharge  take  place,  these  elevi 
bodies  are  most  likely  to  receive  it,  and  less  prominent  bodies  in 
the  neighbourhood  are  more  likely  to  escape.  It  ia  right  to  avoid 
r,  for  it  is  a  good  conductor,  and  the  height  of  a  human  being 
near  the  stream  is  not  unlikely  to  determine  the  direction  of  a  dis- 
pe.     Within  doors  we  are  tolerably  safe  in  the  middle  of  a 


carpeted  room,  or  when  standing  on  a  double  hearth  rug.  The 
chimney  should  be  avoided,  as,  when  a  building  is  struck  with 
lightning,  the  charge  is  generally  determined  towards  it  in  conse- 
quence of  the  good  conducting  power  of  the  carbon  or  soot ;  upon 
the  same  principle,  gilt  ruouldingSj  bell  wires,  &c.  are  in  danger  of 
being  struck.  In  bed  we  are  tolerably  safe,  blankets  and  feathers 
being  bail  conductors,  and  we  are  consequently  to  a  certain  extent 
irirsiilntc.1.  It  ia  injudicious  to  take  refuge  in  a  cellar,  for  it  has 
limes  happened  that  buildings  that  have  been  struck  by  light- 
ning have  sustained  the  greatest  injury  in  the  basement  story. 
(51)  Back  Stroke.  —  A  person  may  be  struck  by  lightning 
ugh  the  explosion  takes  place  twenty  miles  off,  by  what  is 
called  the  '  back  stroke.'  Suppose  that  the  two  extremities  of  a 
cloud  highly  charged  hang  down  to  the  earth,  they  will  repel  the 
the  earth's  surface  if  it  be  of  the  same  kind  as  their 
own,  and  will  attract  the  other  kind;  if  a  discharge  should  h  ml  - 
denly  take  pluco  at  one  end  of  the  cloud,  the  equilibrium  will 
iiiNtantly  be  restored  by  a  flash  at  that  point  of  the  earth  which  is 
under  the  other.  Although  this  back  stroke  is  sometimes  suffi- 
ciently powerful  to  destroy  life,  it  is  never  ao  terrible  in  its  effects 
as  the  direct  shock. 

(5a)  Lightning  Conductor*.— Franklin  was  the  first  to  sug- 
■  method  of  defending  buildings  from  the  effects  of  lightning. 
Ili^   plan   was   to   erect  by   the  Ride  of  the  building  ft  continuous 
metallic  rod  in  perfect  communication  with  the  earth,  and  experi- 
ence has  fully  demonstrated  the  value  of  this  precaution.     The 
b1  should  be  copper,  the  rod,  about  one  inch  in  diameter,  should 
rried  above  the  highest  point  of  the  building,  and  it  should 
penetrate  the  ground  sufficiently  deep  to  come  into  contact  with 
moist  soil.     It  should  be  applied  as  closely  as  possible  to  the  walla 
of  the  building,  and  all  contiguous  masses  of  metal,  gutters,  water- 
pipe*;  &c,  should  be  metallically  connected  with  it,  for  although 
is  no  danger  of  a  properly  arranged  lightning-conductor 
thru  wing  off  lateral  aparki  to  any  semi-insulated  metallic  masses 
near  it,  the  discharge  miiy  in  its  course  divide  between  the  rod  end 
metallic  bodies  in  its  neighbourhood  in  good  connection  with 
the  earth.     The  action  of  the  conductor  is  purely  passive  j  it  offers 
he  disruptive  discharge  a  line  of  small    resistance    whereby 
tlnwe  hrreeietible   mechanical  effects  which  attend  the  pas-sage  of 
charge  through  resisting  matter  are  prevented. 
When  large  ranges  of  straggling  buildings  are  to  he  protected, 
r  more  conductors  should  be  applied,  and  the  whole  connected 
ids  of  metal.     Harris  recommends  that  the  conduc- 
tors should  be  Constructed  of  copper  pipe,  from  one  to  two  inches 
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in  diameter,  and  about  one-fifth  of  an  inch  thick — it  may  be  pre- 
pared in  lengths  of  about  ten  feet,  and  united  together  at  the  time 
of  fixing,  by  screwing  the  lengths  together  upon  short  intermediate 
pieces. 

When  a  very  dense  electrical  explosion  falls  on  a  conductor,  the 
rod  sometimes  becomes  covered  with  a  luminous  glow,  and  a  loud 
whizzing  sound  is  at  the  same  time  heard.  This  luminous  appear- 
ance is,  however,  of  a  perfectly  harmless  character,  and,  provided 
the  conductor  be  of  sufficient  capacity,  it  is  unattended  with  any 
calorific  effect ;  it  appears  to  be  a  sort  of  glow  discharge  (20,  c.) 
between  the  metal  and  the  air,  immediately  in  the  points  of  con- 
tact, and  may  be  classed  with  the  phosphorescent  flashes  attendant 
on  the  aurora  borealis,  or  with  the  streaming  of  ordinary  electricity 
in  the  exhausted  receiver  of  an  air-pump. 

The  following  experiment  was  arranged  by  Sir  Win.  Harris  (Nature  of 
Thunderstorms'),  with  the  view  of  illustrating  the  power  of  pointed  bodies  to 
discharge  the  electricity  of  the  clouds  without  attracting  them,  cpb  (Fig.  64) 
is  a  long  bent  arm  of  light  brass  wire,  balanced  by  means  of  a  central  point,  p, 
on  the  cbarging-rod  of  the  jar  j,  on  which  it  has  free  motion  in  all  directions ; 
a  is  a  light  disc  of  gilded  wood,  resembling  a  common  scale  pan,  covered 

Fig.  64. 


with  a  lock  of  fine  cotton- wool,  and  suspended  by  conducting  threads  from 

the  arm  cpb.    A  pointed  body,  b,  is  placed  on  the  same  conducting  base 

'j  the  Jar.    If  the  jar  be  now  charged,  the  cotton  in  the  scale  pan  will  begin 

■**nd  its  filaments,  and  the  whole  will  be  attracted  towards  the  table 

*  tana  way  aa  a  cloud  appears  to  be  attracted  towards  the  earth, 
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causing  the  bent  art  c  p  b  to  assume  an  inclined  position.  If  the  arm  be 
now  caused  to  move  upon  its  centre,  p,  so  as  to  allow  the  artificial  cloud  a 
to  approach  the  point  b,  the  arm  will  gradually  assume  its  previous  hori- 
zontal position,  in  consequence  of  the  influence  of  the  point  in  neutralising 
the  opposite  forces.  As  the  artificial  cloud  continues  to  approach  the  point, 
this  action  proceeds  so  rapidly  as  frequently  to  produce  a  whizzing  sound, 
the  bent  arm  recovering  at  the  same  time  its  horizontal  position.  The 
scak-pan  a,  so  far  from  being  attracted  by  the  point,  actually  recedes  from 
it,  and  represents  very  faithfully  the  nature  of  the  operation  of  pointed  bodies 
on  charged  clouds. 


Fig.  6j. 


Fig.  66. 


The  following  instructive  experiments  were  'also  devised  by 
Harris  for  the  purpose  of  proving  that  au  electrical  explosion  will 
not  leave  a  good  conductor,  Constituting  an  efficient  line  of  action, 
to  fall  upon  bodies  out  of  that  line  : — 

Lay  soma  smull  pieces  of  gold  leaf  on  a  piece  of  paper,  as  represented  in 
Fig.  65  i  pass  a  dense  shock  of  electricity  (from  not  leas  than  eight  square 
feet  of  coating)  over  these  from  the  commencement  at  a  to  the  termination 
at  b,  so  as  to  destroy  the  jjold  ;  the  lino  which  the  discharge  has  taken  will 
he  as  shown  in  Fig,  66,  which  is  copied  from  the  actual  effect!  of  in  idertrii-al 
discharge.  By  the  result  of  the  explosion  represented  in  Fig.  66.  it  is  shown 
that  the  portions  of  the  conductor  below  the  striking  parts  are  out  of  the 
line  of  discharge,  and  not  involved  in  the  result 

In  Fig.  66  it  is  particularly  worthy  of  remark  that  not  only  are  the  pieces 
5,  6,  14.  15,  18,  19.  22,  23  untouched,  being  from  their  positions  of  no  nae  in 
facilitating  the  progress  of  the  discharge,  but  even  portions  of  other  pieces 
which  have  so  operated  are  left  uninjured,  as  2,  3.  8,  9,  10,  bo  little  is  there 
any  tendency  to  a  lateral  discharge,  even  up  to  the  point  of  dispersion  of 
the  metallic  circuit  In  which  the  charge  has  proceeded.  Indeed,  as  Harris 
observes,  so  completely  is  the  effect  confined  to  the  line  of  least  resistance, 
that  percussion  powder  may  be  placed  with  impunity  in  the  interval  between 
the  i'  irtions  4  and  5,  and  the  separated  pieces  of  gold  leaf  thus  placed  in<iy 
b3  taken  to  represent  detached  conducting  masses  fortuitously  placed  along 
the  mast  and  hull  of  a  ship,  and  that  therefore  any  fear  that  a  conductor  on 
a  ship's  mast  would  operate  on  the  magazine  is  quite  unwarranted. 

(53)  Lightning  conductor*  for  Snips. — Formerly  the  con- 
ductors used  for  protecting  ships  against  the  effects  of  lightning 
consisted  of  chains  or  links  of  copper  about  the  size  of  n  goose 
quijl,  which  were  generally  packed  away  in  a  box,  where  they 
frequently  renunnrd  untouched  during  long  and  hazardous  voy- 
ages. It  was  the  late  Mr.  Singer  who  first  suggested  that  fixed 
conductors  should  be  employed,  but  the  perfection  of  system,  and 
its  general  introduction  into  the  navies  and  merchant  services  of 
nearly  all  countries  is  due  to  the  unceasing  labours  of  Sir  Wil- 
liam Snow  Harris. 

BQfl  original  proposition  (Nautical  Magazine,  1852)  was  to  in- 
corporate  with  the  masts  ;i  series  of  copper  plftte*  I'm  in  the  fnirk 
to  the  keelson,  so  mechanically  arranged  and  combined  in  two 
larainte  as  to  yield  freely  to  any  flexure  or  strain  to  which  the 
spars  might  he  subject,  at  the  same  tim.  preserving  an  efficient 
and  unbroken  chain,  nrid  then  to  connect  these  vertical  conducting 
lines  by  conducting  plates  similarly  arranged  with  the  varionj 
metallic  bolts  passing  through  the  keelson  ami  other  parts  of  the 
hull  to  the  copper  expanded  over  the  bottom,  thus  uniting  as  it 
into  one  great  chain  the  conductor  on  the  mast,  the  metallic 
h.xlies  on  the  hull,  and  the  general  surface  of  the  sen,  so  that  from 
ilc  moment  of  lightning  falling  on  any  point  aloft  the  explosion 
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Fig.  68. 


would  cease,  and    the    general    fabric   would  be  insured  on 

chining-. 

Harris's  improved  system  of  lightning  conductors  for  ships  is 
shown  in  Tigs.  6j,  68. 

a  ii  c  ii  is  the  conductor,  consisting  of  a  aeries  of  narrow  plates  of  sheet 
copper  in  lengths  of  four  feet,  placed  in 
two  layers,  one  immediately  over  the  oilier, 
in  such  a  way  as  to  allow  the  joints  of  one 
series  to  full  immediately  under  or  over  the 
continuous  portions  of  the  other,  The 
plates  are  laid  in  ooves  cut  for 

their  reception  along  the  aft  sides  of  the 
respective  masts,  from  the  truck  to  the 
keelson,  and  preserving  an  adequate  con- 
nection in  the  caps  through  which  Um 
upper  portions  of  the  mast  are  required  to 
slide.  The  elongation  or  contraction  of  the 
musts,  or  the  removal  of  either  of  them, 
in  no  way  disturbs  the  continuity  of  the 
Iuk-.  which  evidently  remains  the  same, 
»nd  is  the  shortest  and  best  conducting 
hue  hetween  the  mast-head  at  u  and  the 
sea  at  R. 

The  security  ensured  to  ships  by 

this  syati-m  id"  lightning  cottdut-l  irs 
i.3  demonstrated  by  the  following 
iiimlysU  ..I  recorded  ease* of  'Ships 
Si  tun,  I  iv  I /iL'liiHing,' published  by 
Ifarri.-  in  the  Nautical  Magarme, 
1852:— 

•The  general  system  of  lightning-eon- 

morn  or  less  in  use  since 

tin'  year  1830}  at  first  in  about  ten  of  Her 

Majesty's  ships,  arid  since  1842  throughout 

Imie  navy,  which  giveaaidear  course 

erimenU  of  at  leasl  twenty 

Sow  during    this  time  the  ships  having 

lew  cuuductors  have  been  exposed  to 

lightning  in  its  most  appalling  forms  in 

■Imost  every  part  of  the  world;  and  during 

these. twenty  years  there  are  nnl  inure  than 

Juiiy   recorded  cases   of  ships  struck  by 

lightning,  though  numbers  of  remarkable 

instances  in    which    the  conductors    have 

off  tranquilly,  as  it  were,  large 

streams  of  atmospheric  elecirieiM  .     In  no 

com   Aim  any   ill    ronieqaence  ensued.     Bu- 

tSaa  and  ifai.  that  is,  up  to  the 

1  which  the  system  was  fully  udopted, 
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nml  including  lea  -urnoii  to  both  periods,  there  are  sixty  recorded 

cuaea  uf  ships  struck,  and  in  every  instance  destructive  damage  ensued,  nnd 
in  many  cases  to  a  frightful  extent.  It  thus  appears  that  ships  not  furnished 
with  thu  new  conductors  have  been  struck  by  lightning  more  frequently-  tlum 
nil  -  having  such  conductors  in  the  proportions  of  three  to  two.  A  result 
i|iiite  conclusive  of  the  question  whether  such  conductors  do  or  do  not 
operate  in  attracting  lightning  to  the  ship.  In  short,  since  the  general 
introduction  of  thi*  system  into  the  public  servo-.-,  damage  from  lightning 
baa  Vanished  altogether  from  the  record*  at  rlie  navy.' 

As  an  illustration  of  the  tremendous  explosive  power  of  light- 
ning when  it  strikes  the  unprotected  mast  of  a  skip,  we  may  quote 
the  case  of  II.  M.  ship  '  Elephant,'  which  'was  struck  by  a  powerful 
(lash  of  lightning  in  November  1790. 

The  mast  weighed  18  tons;  it  was.  3  Feet  in  diameter  and  no  Feet  long, 
nnd  was  strongly  bound  together  by  iron  hoops,  some  of  which  were  half  an 
inch  thick  and  5  inches  wide;  yet  it  was  shivered  into  pieces,  and  the  hoops 
were  burst  open  and  scattered  around  uiuidst  the  shattered  fragments  of  the 
mast.     (Hurrtr.) 

An  instructive  illustration  of  the  protective  power  of  a  conductor 

i-  fcfforub'il  by  the  iustiUk-o  of  I  lie  '  L'jtlo,'  win.  Ii  wn-.  9tF&ck  i'V  B 
bifuiCftted  flash  of  lightning  which  fell  upon  the  main  royal  tno&t 
in  May  184.7. 

One  of  the  brandies  struck  the  extreme  point  of  the  royal  yard  arm,irWi 
«•«»  Mdf  supplied  with  a  cmtduetor,  and  in  its  Course  to  the  conductor  On  the 
mast  demolished  the  yard,  and  tore  in  pieces  or  scorched  up  the  greater 
part  of  the  sail;  the  other  part  fell  on  the  rane-aptadle and  truck,  ffhicn 
hud  was  split  open  on  the  instant  that  the  discharge  seized  the  conductor. 
from  this  point,  however,  the  explosive  action  cased,  and  the  discharge 
freely  traversed  the  whole  line  of  the  conductor,  from  the  masthead  (whirh 
.implied  with  a  conductor)  downwards,  without  doing  further  damage, 

(54.)  Volcanic  Eruptions  in  the  Sea,— These  being  gen-  - 
rally  attended  by  thttnder  and  lightning,  may  be  clashed  among 
electrical  phenomena.  In  June  181 1,  Captain  Tilland  observed, 
off  tin'  island  of  St.  Michael,  one  of  these  marine  volcanoes,  of 
which  he  has  given  the  following  account  (Pliil.  Trout.)  : — 

'Imagine  an  immense  body  of  smoke  rising  from  the  sea.  in  a  quiescent 
slate  it  had  the  appearance  of  a  circular  clnnd  revolving;  in  the  water  like  & 
horizontal  wheel,  in  various  and  irregular  involutions,  expanding  itself 
gradually  on  the  lee  side;  when  suddenly  a  column  of  the  blackest  cinder*, 
ashes,  and  stones  would  shoot  up  in  the  form  of  a  spire,  rapidly  succeeded 
by  others,  each  acquiring  greater  velocity,  and  breaking  into  various  branches 
resembling  a  ginup  of  pines;  these  again  forming  themselves  into  festoons 
of  white  Feathery  smoke.  During  these  borata  the  mo*t  vivid  Baahsa  of 
lightning  continually  issued  from  the  densest  part  nf  the  volcano,  and  tin- 
columns  rolled  oil'  in  large  masses  of  fleecy  clonds,  gradually  expanding 
«rind,  in  a  direction  nearly  hortaonuT,  and  drawing 
lity  of  waterspouts.     In  less  than  an  hour  a  peak  was  visible,  and 
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in  three  hour*  from  the  trine  of  our  arrival  the  volcano,  then  being  finu- hours 
old,  a  crater  was  formed  twenty  feet  high  and  from  four  to  live  hundred  feet 
in  diameter. 

'The  eruptions  were  attended  by  A  noise  tike  the  firing  of  cannon  and 
mnskecry  mixed,  as  also  with  shocks  of  earthquake,  Huirki--nt  to  throw  down 
a  lafge  part  of  the  cliff  on  which  we  stood.  I  afterwards  visited  the  volcanic 
island  ;  il  was  eighty  yards  high;  its  crater  upon  the  level  of  the  sea  was 
full  of  boiling  water j  it  was  about  a  mile  in  circumference,  and  composed  of 
porous  cinders  and  masses  of  stone.' 

(55)  Tornadoes. — It  tins  been  a  subject  of  discussion  win 1 

tornadoes  arv  really  electrical  phenomena,  or  whether  they  are 

i  bg  In  iit  evolved  from  eonderoang  vapour.     From  tie  i'<<\- 

lowinj?  account  of  the  devastating1  effect*  of  one  of  these  meteors 

which  occurred  at  (.'liuteimy,  mar  1'iiris,  in    18^9,  it  appears  that 

are  accompanied  by  marked  electrical  disturbances  (Heport 

■■tier  In  the  French  Academy  of  Sciences  in  J  8  39)  :  — 

'Up  to  this  time  then  had  been  thunder  continually  rttinbling  within  the 
!    tli under- cloud,    when  suddenly  an    under    portion    of    this   cloud 
nding  and  entering  into  communication  with  th«  tartta  the  thunder 
sd.     A  prodigious  attractive  force  was  eseried  forthwith,  all  the  dust 
other  light  Undies  wh  eh  covered  the  surface  of  the  earth  mounted  to- 
wards the  apex  of  the  cone  formed  by  th«  cloud,  and  a  rambling  thunder 
waa  continually  heard.     Small   clouds  wdieeted  about    the   inverted  cone, 
rising  and  descending  with  rapidity;     The  cohttin  was  terminated  by  a  cap 
of  fira.     To  the  south-cast  of  the  tornado,  on  the  side  exposed  to  it,  the  trees 
were  shattered,  while  those  on  the  other  side  of  it  preserved  their  sap  and 
ire  .  .  ,  Anally  it  advanced  to  the  park  and  castle  of  Chatenay,  over- 
throwing every  thing  in  its  path.     On  entering  the  purk,  which  is  on  the 
summit  of  ■  hill,  it  desolated  one  of  the  most  agreeable  residences  in  the 
neighbourhood  of  Paris.     All  the  finest  trees  were  uprooted,  the  youngest 
whieli  were  without  the  tornado,   having  escaped.     The  walls  were 
thrown  down,  the  roofs  and  chimneys  of  the  ensile  nnd  farm-house  carried 
:  1  I  oilier  moveable   bodies  were  thrown   to  a 
distance  of  mere  than  live  hundred  yards.     Descending  the  hill  towards  the 
north,  the  tornado  stopped  over  a  poud,  killed  the  fish,  overthrew  the  trees. 
ring  llieir   Leaves,  arid   t lien   proceeded    slowly    along    the  avenue  of 
willow  entered  the  water;  and  being,  during  this  part 

of  its  progress,  much  diminished  in  size  and  form,  it  proceeded  slowly  over 
a  plain,  and  finally,  at  a  distance  of  mora  than  a  thousand  yards  Iron 
nay,  divided  into  two  parts,  one  of  which  disappeaied  in  the  'hauls, 
Uu  Other  in  the  ground  ....  Flashes,  fiery  balls  and  sparks  accompanied 
flM  tornado;  a  smell  of  sulphur  r,  nveral  days  In  the  house,  in 

which  the  curtains  were  found  discoloured  .  .  ,  .  Everything,'  obaft 
Pettier,  prove,  that  the  tornado  is  nothing  else  than  a  conductor  formed 
of  the  clouds,  which  serves  us  a  passage  for  a  continual  discharge  of  electricity 
from  those  above;  and  that  the  difference  between  an  ordinary  thunder- 
one  accompanied  by  a  tornado,  consists  in  the  presence  of  a  con- 
tltictor  of  clouds,  which  seem  to  maintain  the  combat  between  the  upper 
<ii  the  tornado  and  the-  "round  ben 
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(j6)  "Waterspout*,  —  Electrical  agencies  are  supposed  to  be 
concerned  in  the  production  of  ■waterspouts,  which  are  at  sea 
what  whirlwinds  are  on  land.  These  phenomena  are  considered 
to  arise  from  the  operation  of  electrical  attraction.  The  following 
ucri mnt  of  a  waterspout  which  nearly  overwhelmed  the  vessel  is 
given  by  Captain  Beechey,  in  his  published  account  of  his  voyage 
in  the  Pacific,  when  he  commanded  the  '  Blossom  :' — 

« It  approached  amidst  heavy  rain,  thunder  and  lightning,  and  was  not 
seen  until  it  was  very  near  the  ship.  The  wind  blew  with  great  violence, 
momentarily  changing  its  direction,  aa  if  it  were  sweeping  round  in  abort 
spirals;  the  rain,  which  fell  in  torrents,  was  also  precipitated  in  curves,  with 
short  intervals  of  cessation.  Amidst  this  shower  the  waterspout  was  dis- 
covered extending  in  a  lapwing  form  from  a  dense  stratum  of  cloud  to 
within  thirty  feet  of  the  water,  where  it  was  hid  by  the  foam  of  the  sea, 
being  whirled  upwards  by  a  tremendous  gyration.  It  changed  its  direction 
after  it  was  first  seen,  and  threatened  to  pass  over  the  ship,  bnt  being 
diverted  from  ils  course  by  a  heavy  gust  of  wind  it  gradually  receded.  On 
the  dispersion  of  this  magnificent  phenomenon,  we  observed  the  column  to 
diminish  gradnally,  and  at  length  retire  from  the  cloud  from  which  it  bad 
descended,  in  an  undulating  form  ....  A  Ml  nf  fire  was  observed  to  be 
precipitated  into  the  sea,  and  there  was  much  lightning.  The  column  of  the 
first  descended  in  &  spiral  form,  until  it  met  the  ascending  column 
a  shurt  distance  from  the  sea.  A  second  and  a  third  were  afterwards  formed, 
which  subsequently  united  into  one  large  column  ;  and  this  Again  separated 
in  three  small  spirals,  and  then  ilisperscd,  The  barometer  was  not  affected, 
but  the  thermometer  fell  eight  degrees.  The  gyrations  were  in  a  direction 
contrary  to  that  of  the  hands  of  a  watch.1 

The  appearance  of  a  waterspout,  as  seen  by  Captain  Beechey,  at 
the  commencement  of  its  formation,  is  shown  in  Fig.  69.  The 
cone  gradually  elongated,  and  as  its  apex  approached  the  sea  the 
surface  of  the  latter  was  perceptibly  agitated,  and  became  whirled 
in  the  air  with  a  rapid  gyration,  forming  a  vast  basin,  from  the 
centre  of  which  the  gradually  lengthening  column  seemed  to  drink 
fresh  supplies  of  water,  as  shown  in  Fig.  70.  After  a  time  heavy 
rain  fell  from  the  right  of  the  arch  at  a  short  distance  from  the 
spout,  upon  which  the  water-spout  began  to  retire.  The  sea,  on 
the  contrary,  was  more  agitated,  and  for  several  minutes  the  basin 
continued  to  increase  in  size,  although  the  column  wis  consider- 
ably diminished.  Its  appearance  at  this  time  is  shown  in  Fig.  71. 
In  a  few  minutes  more  the  column  had  entirely  disappeared.  The 
sea,  however,  still  continued  agitated,  and  did  not  subside  for 
three  minutes  after  all  disturbing  causes  from  above  had  va- 
nished. 

(57)  The  Aurora  BoreaJla. — Although  no  theory  that  has 
yet  been  suggested  to  account  for  this  magnificent  meteorological 
phenomenon  has  received  general  acceptation,  it  is  evident  that 
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the  agent  to  which  ite  development  is  due  is  electricity,  influenced 
in  some  as  yet  unascertained  manner  hy  terrestrial  magnetism. 

The  appearance  of  an  aurora  may  he  closely  imitated  hy  passing 
a  stream  of  electricity  from  the  prime  conductor  of  an  electrical 
machine  through  a  tube  exhausted  of  air — the  same  variety  of 
colour  and  intensity,  the  same  undulating  motions  and  occasional 
coruscations,  and  the  same  inequality  in  the  luminous  appearance 
are  exhibited  as  in  the  aurora,  and  when  the  rarefaction  is  consider- 
able, various  parts  of  the  stream  assume  that  peculiar  glowing 
colour  which  occasionally  appears  in  the  atmosphere. 

This  beautiful  experiment  is  thus  modified  by  De  la  Rive 
(Comptes-Rendw,  Oct.  15,  1849). 

A  cylindrical  rod  of  iron  is  cemented  air-tight  into  a  glass  globe.  It  is 
covered,  except  at  its  two  ends,  with  an  insulating  and  thick  layer  of  wax. 
A  copper  ring  surrounds  the  bar  above  the  insulating  layer  in  its  internal 
part,  the  nearest  to  the  side  of  the  globe;  from  this  ring  proceeds  a  con- 
ducting-rod,  which,  carefully  insulated,  traverses  the  same  tubulure  as  the 
iron  bar,  but  without  communicating  with  it,  and  terminates  externally  in  a 
knob  or  hook.  The  air  being  rarefied  through  a  stop-cock  attached  to  a 
second  tubulure,  the  hook  or  knob  is  made  to  communicate  with  one  con- 
ductor, and  the  external  extremity  of  the  bar  with  the  other  conductor  of 
an  electrical  machine ;  the  electricities  unite  in  the  globe,  forming  a  more 
or  less  regular  fascicle  cf  light.  On  bringing  the  external  end  of  the  iron 
bar  into  contact  with  a  pole  of  an  electro-magnet,  taking  care  to  preserve 
good  insulation,  the  light  becomes  a  luminous  ring,  which  rotates  round  the 
bar  in  a  direction  regulated  by  the  magnetization  of  the  bar.  From  this 
luminous  ring  brilliant  jets  issue  and  form  the  fascicle.  On  removing  the 
electro-magnet  these  phenomena  cease,  giving  place  to  the  previous  appear- 
ance, and  what  is  generally  known  by  the  name  of 'the  electrical  egg.' 

The  following  is  a  general  description  of  the  aurora  as  observed 
by  M.  Lottin,  at  Bossekop,  in  the  bay  of  Alten,  on  the  coast  of 
West  Finland,  in  lat  700  N.,  during  the  winter  of  1838-9  (Bec~ 
quereCs  Traits  de  Mettorologie)  : — 

'Between  the  hours  of  4  and  6  in  the  afternoon,  the  sea -fog,  which  con- 
stantly prevails  in  those  regions,  becomes  coloured  on  its  upper  border,  or 
rather  is  fringed,  with  the  light  of  the  aurora,  which  is  behind  it.  This 
border  becomes  gradually  more  regular,  and  takes  the  form  of  an  arc,  of  a 
pale  yellow  colour,  the  edges  of  which  are  diffuse,  and  the  extremities  resting 
on  the  horizon.  The  bow  swells  upwards  more  or  less  slowty,  its  summit 
being  constantly  on  the  magnetic  meridian,  or  very  nearly  so.  The  luminous 
matter  of  the  arc  soon  becomes  divided  regularly  by  blackish  streaks,  and  is 
resolved  into  a  system  of  rays.  These  rays  are  alternately  extended  and 
contracted,  sometimes  slowly,  sometimes  instantaneously;  sometimes  the)' 
would  dart  out,  increasing  and  diminishing  suddenly  in  splendour.  The 
inferior  parts  of  the  feet  of  the  rays  present  always  the  most  vivid  light, 
and  form  an  arc  of  greater  or  less  regularity.  The  length  of  these  rays  was 
often  very  varied,  but  they  all  converged  to  that  point  of  the  heavens 
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indicated  by  the  direction  of  the  south  pole  of  the  dipping  needle.  Some- 
times they  were  prolonged  to  the  point,  where  their  direction*  intersected, 
and  formed  the  summit  of  an  enormous  dome  of  light.  The  bow  would  then 
continue  to  ascend  towards  the  zenith.  Its  light  wonld  experience  an.  un- 
dulatory  movement ;  that  is,  from  one  extremity  to  the  other  the  brightness 
of  the  .ray  8  would  increase  successively  in  intensity.  This  luminous  current 
WOOld  Appear  several  times  in  quick  succession,  and  it  wonld  pass  much 
more  frequently  from  west  to  CUI  than  in  the  opposite  direction.  Some- 
times, though  rarely,  a  retrograde  motion  would  tyike  place  immediately 
afterwards;  and  as  soon  as  this  wave  of  light  had  run  successively  over  all 

tya  of  the  aurora  from  west  to  east,  it  would  return  in  the  contrary 
direction  to  the  point  of  its  departure.  The  bow  thus  presenting  the. 
appearance  of  an  alternate  motion  in  a  direction  nearly  horizontal,  had 
usually  the  appearance  of  the  undulations  or  folds  of  a  riband,  or  of  a  flag 
agitated  by  the  wind,  Sometimes  one,  sometimes  both  of  its  extreuiitie-i 
'oiild  desert  the  horizon,  and  then  its  folds  would  become  more  numerous 
and  marked  ;  the  bow  would  change  its  character  and  assume  the  form  of  a 
long  sheet  of  rays  returning  into  itself,  and  consisting  ot  several  parts, 
forming  graceful  curves.  The  brightness  of  the  rays  would  vary  suddenly, 
sometimes  surpassing  in  splendour  stars  of  the  first  magnitude.  These  rays 
would  rapidly  dart  out,  and  curves  would  be  formed  and  developed  like  the 
folds  of  a  serpent;  then  the  rays  would  assume  various  colours:  the  base 
would  be  blood  red,  the  middle  pale  emerald  green,  and  the  remainder  would 

v.'  its  clear  yellow  hue  These  colours  always  retained  their  respective 
positions,  and  they  were  of  admirable  transparency  ;  the  brightness  would 
then  diminish,  the  colour  disappear,  and  all  would  be  extinguished — some- 
times suddenly,  sometimes  gradually. 

'  After  this  disappearance,  fragments  of  the  bow  would  be  reprodio  e.t, 
and  would  continue  their  upward  movement  and  approach  the  zenith.  The 
rays,  by  the  effect  of  perspective,  would  be  gradually  shortened  ;  the  thick- 
less  of  the  arc,  which  presented  thus  the  appearance  of  a  larger  zone  of 
trailed  rays,  could  be  estimated;  then  the  vortex  of  the  bow  would  reach 
the  magnetic  zenith,  or  the  point  to  which  the  south  pole  of  the  dipping 
At  that  moment  the  rays  would  be  seen  in  the  direction 
of  their  feet.  It  they  were  coloured,  they  would  appear  as  a  large  red  band, 
tfiroogh  which  the  green  tints  of  their  superior  darts  could  be  distinguished ; 
and  if  the  ware  of  light  above  mentioned  pass  along  them,  their  feet  would 
form  a  longi  sinuous,  undulating  zone;  while  throughout  all  these  changes 

ivs  would  never  suffer  any  oscillation  in  the  direction  of  their  axis,  and 
rould  constantly  preserve  their  mutual  parallelisms.     In  the  meantime  new 
:    commencing  in  the  same  diffuse  manner,  or  with 

ily  formed  and  very  vivid  rays.  They  succeed  each  other,  passing 
through  nearly  the  same  phases,  and  arrange  themselves  at  certain  distances 

each  Other,     At  many  as  nine  have   been  counted,  forming  as  many 

i    ends  supported  on  the  earth,  and  in  their  arrangement 

the  short  curtains  suspended  one  behind  the  other  over  the 

of  a  theatre,  and  intended  to   represent    the  Ay.     Sometimes  the  in- 
tervals between  these  hows  diminish,  and  two  or  more  of  them  close   npon 
each  other,  forming  one  large  zone,  traversing  the  heavens,  and  disappearing 
towards  the  south,  becoming  rapidly  feeble  after  passing  our  zenith.     If  we 
itetare  to  our  imagination  all  these  vivid  rays  of  light  issuing  forth  with 
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uplcndour,  ami  v.in  m_-  md  suddenly  in  thfir  length  and  bright- 

inns,  intervals  with  beautiful  red  ami  green  tints,  wiLli  waves  of 

light  undulating  over  them,  the  whole  firmament  presenting  one  immense 


and  magnificent  dome  of  light  reposing  on  llie  siiow-i  torn  red  base  supplied 
Ijy  the  ground,  irhiofa  itself  serve*  as  a  dazzling  frame  for  u  sen  calm  utd 
black  us  it  pitchy  lake,  sume  idea  may  be  obtained  of  the  sp!ei!did*sj'Gctaclc 


FI8-.7J. 


which  is  presented  to  him  who  witnesses  for  the  first  time  the  aurora  in  tin- 
bay  of  Alien.' 

Figs.  71,  71,  74t  7St  may  servo  as  representations  of  some  of  the  pbenoi  i 
above  described.     They  ore  copied  from  engravings  in  M.  Lottin's  Memoir. 

During  the  winter  of  1838-9,  between  September  1838  and 
April  183*9,  ^>  Lottin  observed  no  less  than  143  auroras  in  the  bay 
of  Alton.  Tiny  Were  most  frequent  during  the  period  while  the 
pun  remained  below  the  horizon,  that  is,  from  the  17th  of  Novem- 
ber to  the  35th  of  January.     During  these  nights  he  observed  70 
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?ig-  74- 


nuroras,  without  counting  those  which  wort  rendered  nearly  in- 
-v  i  - 1 1 . 1  *  -  by  a  clouded  sky,  the  presence  of  which  was  indicated  bv 
tlii'  disturbance  of  the  magnetic  needle. 


IgUg 


It  is  very  rarely  that  an  aurora  is  observed  complete  in  any  bill 
the  northern  regions.  Sometimes  the  bow  is  either  incomplete  in 
itself,  or  is  divided  into  several  points;  at  other  times  the  light  i* 
intercepted  by  clouds,  which  modify  both  the  colour  and  the  depth 


Fiff.  75- 


"i"  I  he  borders.    Many  other  circumstances  concur  in  interfering  io 
various  ways  with  its  regular  formation. 

The  aurora  borealis  ia  seldom  seen  in  perfection  in  this  country. 
In  October  179*,  Ur,  Dalton  witnessed  one  which  he  watched 
with  groat  uttcution,  and  of  which  he  has  furnished  the  following 
account  {Meteorological  Essays) : — 

'Attention  was  first  excited  by  a  remarkably  red  appearance  of  the  clouds 

to  the  south,  which  afforded  sufficient   light  to  read  by  at  eight  o'clock 

(  evening,  though  there  was  no  moon  nor  light  in  the  north.     From 

half- post  nine  to  ten  there  was  a  large  luminous  horizontal  arch  to  the 

southward,  and  several  faint  concentric  arches  northward.     It  waa  particu- 

1  that  all  the  arches  seemed  exactly  biiected  ' 
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magnetic  meridian.  At  half-past  ten  o'clock  streamers  appeared,  very  low 
south-east,  running  Jo  and  fro  from  weal  to  east;  they  increased  in 
number,  and  began  to  approach  the  zenith  apparently  with  an  accelerated 
velocity,  when  all  on  &  sadden  the  whole  hemisphere  waa  covered  with 
them,  and  exhibited  such  an  appearance  us  passes  ail  description.  The 
in  tensity  of  the  light,  the  prodigious  number  and  volatility  of  the  beams, 
the  grand  admixture  of  all  the  prismatic  colours  in  their  utmost  splendour, 
variegating  the  glowing  canopy  with  the  most  luxuriant  and  enchanting 
scenery,  afforded  an  awful,  but  at  the  same  time  the  most  pleasing  and  sub- 
lime, spectacle  in  nature.  Every  one  gazed  with  astonishment,  but  the 
uncommon  grandeur  of  the  scene  only  lasted  one  minute',  the  variety  of 
colours  disappeared,  and  the  beams  lost  their  lateral  motion  and  were  con- 
verted into  the  flashing  radiations.  Notwithstanding  the  suddenness  < 
effulgence  at  the  breaking  out  of  the  aurora,  there  was  a  remarkable 
regularity  in  the  manner.  Apparently  a  ball  of  fire  ran  along  from  east  to 
west,  with  a  velocity  so  great  as  to  be  barely  distinguishable!  from  one  con- 
tinued train,  which  kindled  up  the  several  rows  of  beams  one  after  another. 
These  rows  were  situated  before  each  other  with  the  exactest  order,  so  that 
the.  base  of  each  row  formed  a  circle,  crossing  the  magnetic  meridian  at  right 
angles;  and  the  several  circles  rose  one  above  another,  so  that  those  near 
the  zenith,  appeared  mure  distant  from  each  other  than  those  near  the 
horizon — a  certain  indication  that  the  real  distancos  of  the  rows  were  nearly 
the  same.  The  aurora  continued  for  several  hours.  There  were  many 
mi  ii-.irs  (falling  stars,  as  they  are  commonly  called)  seen  at  the  same  time  ; 
but  they  appeared  to  be  below,  and  Unconnected  with  the  aurora.' 

Whether  the  f  magnetic  storms '  manifested  by  auroral  display 
share  with  ilii-nu  storms  the  phenomena  of  sound  as  well  as  of 
light,  appears  doubtful.  Nairne,  Cavallo,  and  Hearae,  at  the  mouth 
of  the  Copper  Mine  River,  and  Henderson,  in  Iceland,  each  heard 
'  hissing'  Bounds,'  which  they  regarded  as  connected  with  the 
aurora,  but  which  Wentzel  attributed  to  the  contracting  of  the 
snow  from  the  sudden  increase  of  cold.  Parry,  Franklin,  and 
Elicliiirtlsoii,  who  have  seen  lliouMUide  of  auroras  hi  different  parts 
of  the  world,  never  heard  any  noise.  The  height  of  the  aurora  is 
likewise  an  uncertain  point,  the  results  of  different  measurem 
_ri\  big  heights  varying  from  a  few  thousand  feet  to  several  miles. 
The  moat  modem  observers  seem,  however,  disposed  to  place  the 
^eat  of  the  phenomena  not  at  the  limits  of  the  atmosphere  but  in 
the  region  of  the  clouds,  and  they  even  beiSeva  thai  Chew 

aurora  may  be  moved  to  and  fro  by  winds  and  currents  of 

Faraday  has  thrown  out  the  idea  that  aurora  may  be  connected 
with  currents  of  electricity  induced  by  the  earth's  rotation.     He 
Ex,  lic-xmreh,  p.  191)  : — 

s  I  hardly  dare  venture,  even  in  the  most  hypothetical  form,  to  ask  whether 

.  uuru  boreal  is  and  Australia  may  not  be  the  discharge  of  electricity 

thus  urged  towards  the  poles  of  the  earth,  from  whence  it  is  endeavour- 
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ing  to  return  by  natural  and  Appointed  means  above  the  earth  to  the 
equatorial  regions.  The  non-occurrence  of  it  in  very  high  latitudes  is  not 
at  nil  against  this  supposition  ;  and  it  is  remarkable  that  Mr.  l-'ox,  who  ob- 
served the  deflections  of  the  magnetic  needle,  at  Faltnuuth,  by  the  aurum 
borealis,  gives  that  description  of  it  which  perfectly  agrees  with  the  present 
view.  He  states  that  all  the  variations  at  irght  were  towards  the  east ;  and 
this  is  what  would  happen  if  electric  currents  were  setting  from  south  to 
north  in  the  earth  under  the  needle,  or  from  north  to  south  in  spheres  above  it.' 

(58)  De  la  Rive's  Theory  of  the  Aurora. — (PhlL  Mai/. 
vol.  v\xiv.  p.  486).  It  is  founded  on  the  following  considerations  : 
— Atmospheric  electricity  has  its  origin  in  the  unequal  distribution 
of  temperature  in  the  strata  of  the  atmosphere  ;  poative  electricity 
proceeds  from  the  hot  part  of  a  body  to  the  cold,  rugatttw  electricity 
moves  in  the  contrary  direction  ;  hence  the  lower  column  of  tin 
atmosphere  is  constantly  negative,  and  the  upper  column  positive 
Hi.  difference  is  more  marked  in  our  latitudes  in  Mummer  than  in 
winter,  and  more  striking  in  general  in  the  equatorial  than  in  the 
polar  regions.  The.  negative  state  of  the  lower  column  is  commu- 
nicated to  the  earth  ou  which  it  rests,  and  thus  positive  electricity 
increases  with  the  height  of  the  atmosphere. 

The  opposite  electrical  states  of  the  upper  and  lower  regions  of 
the  air  undergo  neutralisation  when  the  tension  reaches  r  c< 
degree  of  energy,  by  humidity,  rain,  snow,  kc  ])?  la  Hive  cod- 
bb  that  at  the  polar  regions  the  positive  electricity  of  the 
atmosphere  combines  readily  with  the  negative  there  accumulated 
on  the  earth,  because  of  the  great  humidity  of  the  air  in  those 
regions  a  current  is  thus  formed ;  for  the  electricity  returns  by  the 
surface  of  the  earth  from  the  poles  to  tin-  lower  portion  of  t  h- 
stratuiu,  front  whence  it  started.  The  current  is  from  iOtttb  to 
north  in  the  upper  regions  of  the  atmosphere,  and  from  north  to 
south  on  the  surface  of  the  earth.  The  same  takes  place  in  both 
hemispheres ;  consequently  for  an  observer,  travelling  from  north 
td  south,  the  current  would  proceed  in  the  same  direction  from 
the  north  pole  to  the  equator,  iuul  in  n.  contrary  direction  from  the 
equator  to  the  pole. 

e  aurora  borealis,  M.  de  la  Rive  considers  to  be  the  luminous 
effects  of  these  currents  travelling  in  these  high  regions  toward* 
tin-  north  pole,  and  thus  expleins  the  phenomena.  When  the  sun, 
having paaaed  into  the  southern  hemisphere,  no  longer  heats  bo  much 
MB"  atmosphere,  a  condensation  of  moisture,  in  the  form  of  i< 
snow,  takes  place  around  the  polar  regions,  and  electricity  is  herein 
conducted  to  the  surface  of  the  earth  in  the  form  of  electric  dis- 
cb&rgeSi  When  clouds  are  partial,  halos  are  formed.  The  identity 
tin-  observes)  between  the  light  of  the  aurora  and  electric  light  i- 
proved  by  well-known  experiments,    The  light  produced  b\ 
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ilr-ilrii?  discharge  in  highly  rarefied  hut  purely  (h-y  air  is  very 
faint;  the  luminous  effect  is,  however,  greatly  increased  when 
moisture  is  present. 

The  reason  why  these  phenomena  appear  at  the  magnetic  and 
not  at  the  terrestrial  pole,  is  illustrated  experimentally  by  De  la 
Rive  IB  the  following  m  miner: — 

Place  the  polo  of  a  powerful  electro-magnet  underneath  the  surface  of 
mercury,  connected  with  the  ni'liiiiive  note  of  a  powcifnl  galvanic  battery, 
bring  over  and  near  it  the  positive  pole  armed  With  a  charcoal  point,  a 
voltaic  arc  ia  formed,  and  the  mercury  is  agitated  above  the  magnet; 
luminous  currents  rotate  round  the  pole,  throwing  out  occasionally  brilliant 
rays.  There  is  always,  as  in  the  case  of  the  aurora  liorealis,  a  dark  portion 
in  the  form  of  a  circular  point  over  the  pole  of  the  magnet.  With  a  con- 
tinuous current  of  an  ordinary  electricity  arriving  at  the  pole  of  a  powerful 
•  Hi viro-magnet  in  moist  rarefied  air,  luminous  effects  still  more  similar  to 
l hose  of  the  aurora  borealis  art  oh tninecL  Thau  phenomena  result  from  the 
.iction  of  magnets  Ml  currents,  and  the  3ame  should  apply  to  the  action  of 
the  magnetic  pole  of  the  earth. 

(59)  The  Aurora  a  Magnetic  Phenomenon. — Recent  experi- 
ments have  failed  to  show  a  eiiniiection  between  polar  light  and 
atmospheric,  electricity,  since  during  the  finest  aurora  no  change 
has  been  detected  in  very  sensitive  electrometers.  1  >n  the  other 
hand  (observes  Humboldt)  nil  Uiclhivc  manifestations  of  terrestrial 
magnetism,  the  declination,  the  inclination,  and  Torre,  ,ir.  affected  hi 
R  very  sensible  manner,  the  same  end  of  the  needle  being  sometimes 
Attracted  and  sometimes  repelled  in  the  comae  of  the  same  night. 

The  luminous  phenomenon  is  regarded  by  Humboldt  M  She 
iradon  of  the  equilibrium  temporarily  disturbed ;  ilie  termina- 
tion of  a  magnetic  storm  and  the  effect  on  the  needle  varies  with 
the  intensity  of  the  discharge.  The  aurora  is  not  to  be  regarded 
as  the  cause  of  the  magnetic  perturbation,  but  as  the  result  of  a 
State  of  '  ilirtrir  tictiritii '  excited  to  the  production  of  a  luminous 
phenomenon;  an  activity  which  manifests  itself  on  the  one  hand 
by  the  fluctuations  of  the  needle,  and  on  the  other  by  the  appear- 
ance of  a  brilliant  auroral  light. 

A  great  difference  between  an  electrical  und  a  mat/nctk-  storm  is, 
that  the  former  is  usually  confined  tu  it  small  apace,  beyond  which 
tliu  state  of  1  lit-  electricity  in  the  atmosphere  remains  uiiclisuip'il : 
the  latter,  on  the  other  hand,  manifests  its  influence  on  the  march 

of  the   n lie   ever    large   jKiitiiiiis  nf  continents,  and  far  from  the 

place  where  the  evolution  of  light  is  visible.     '  That  the  aurora,1 

a  magnetic  phenomenon  has,  by  Faraday's 

brilliant  discovery  of  the  evolution  of  light  by  the  action  of  mag- 

b.    e  raisi  1!  from  «  mere  conjecture  to  an  experimental 

certainty,     The  fact  "which  gives  to  the  phenomenon  its  greatest 
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importance  is  that  the  earth  becomes  8elf-htminotu ;  iliat  b<-- 

liglit  wliich  as  a  planet  it  receives  from  the  central  body,  U 
shows  a  capability  of  sustaining  a  In  mi  nous  process  proper  to  itself,, 
and  this,  going  on  almost  uninterruptedly  in  tli»->  polar  regions,  leads 
us  by  analogy  to  the  remarkable  phenomenon  presented  by  Venus 
when  the  portion  of  that  planet  not  illuminated  by  the  sun  is  seen 
to  shine  with  a  phosphorescent  light  of  its  own,' 

(60)   Action  of  Atmospheric   Electricity   on  the    Wires  of 

tlie  Electric  Telegraph. — According  to  the  observations  of  pro- 

tessai  lli'imv  of  Philadelphia  (Phil.  Mag.  vol.  jxx.  p.  1S6),  the 

wires  of  the  telegraph  are  stiuck  by  a  direct  discharge  of  lightning, 

which  is  seen  coursing  along  the  wire  in  a  stream  of  light,  bo 

times  passing  with  explosions  resembling  the  reports  of  rifles  down 

the  poles  in  succession.     These  lateral  explosions  are  referred  to  the 

_e  of  the  surface  of  the  wire,  by  a  wave  of  the  fluid,  during 

the  transmission   of  the  electricity,  which  tends  to  give  oil"  sparks 

to  neighbouring  bodies  like  the  conductor  of  a  machine.     The  dis- 

m  from  the  clouds  does  not  generally  consist  of  a  simple  wave 

of  eleetrieiiy,  but  of  a  number  of  discharges  iii   rapid  succession 

along  the?  same  path,  whence  the  wire  of  the  telegraph  is  capable 

oT  transmitting  1111  immense  cm  an  tit}'  of  the  fluid  thus  distributed 

:i  great  length  of  the  conductor.     Henry  thinks  that  when  the 

place,  a  disturbance  of  the  electrical  planum   ■ 

.bout  all  electrical  space  occurs,  the  state  of  rest  being 

attained  by  a  series  of  diminishing  oscillations  01  waves,  which  by 

their  is  enhance  the  tendency  of  the  Quid  to  lly  from  the 

conductor. 

The  natural  state  of  the  telegraph  wire  may  be  disturbed  with- 
out the  presence  of  a  thundercloud;  by  the  passage  of  currents  of 
ieily  from  one  portion  of  space  to  another,  the  electrical  con- 
dition of  the  atmosphere  surrounding  the  wire  at  one  place  being 
different  from  that  at  another.  A  difference  of  elevation  will  do 
this,  at  kite  experiments  abundantly  testify,  so  that  if  the  lin 

ij.li  pass  over  an  elevated  mountain  ridge,  there  will  be  con- 
tinually, even  during  dear  weather,  a  current  from  the  more 
elevated  to  the  lower  points  of  the  conductor.    Vaj  -now, 

or  rain  at  one  end  of  the  wire  and  not   at  the  other,  may  liio 
determine  current*  of  electricity  of  sufficient  power  to  set  the 
working  machine  of  the  telegraph  in  action.     The  natural  elec- 
-legraph  wire  may  even  be  disturbed  by  the  indue- 
of  a  distant  cloud  moving  first  towards  and  theu  from  the 
.  1  hi  nigh  such  currents  would  be  feeble. 
A  fruitful  source  of  disturbance  of  the  needle  i>  the  powerful 
Currents  produced  by  induction  by  flashes  of  lightning  occurring 
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perhttM  many  miles  off.  T hat  discharge!  from  electricity  accumu- 
lated iji  the  Leydnajut  are  competent  to  induce  secondary  and  even 
tertiary  and  qtiuli-nuiiy  ciint'iit.s  in  vieintil  conductors,  is  drninu- 
strated  by  the  following  experiment,  first  made  by  Professor  lb 

Round  a  hollow  glass  cylinder,  a  (Fig1.  76),  of  about  six  inches  in 
diamfttw,  is  pasted  spirally  a  narrow  ribbon  of  tin-foil  about  thirty  feet 
long,  and  a  similar  ribbon  of  the  same  length  is  pasted  on  the  inside,  so  that 
the.  corresponding  spires  of  each  are  directly  opposite  each  other.  The  endB 
of  the  inner  spiral  pass  out  of  the  cylinder  through  a  plus*  lube,  in  order  to 
prevent  all  direct  communication  between  the  two.     When  the  ends  of  the 

Fis.  76. 


inner  ribbon  tire  joined  by  the  magnetising  spiral  c,  containing  a  needle,  and 
a  discharge  from  a  half  gallon  jar  sent  through  the  outer  ribbon,  the  needle 
is  strongly  magnetised  in  such  a  manner  as  to  indicate  an  induced  correal 
through  the  inner  ribbon  in  the  same  direction  ss  that  of  the  current  of  the 
jar.  If  a  second  cylinder,  similarly  prepared,  be  added,  a  tertiary  current  is 
induced  in  the  inner  ribbon  of  the  second;  and  by  the  addition  of  a  third 
cylinder,  a  current  of  lh*  fourth  order  may  be  developed. 

Another  instructive  method  of  demonstrating  the  development 
of  secondary  or  induction  current."  by  the  discharge  of  a  Leyden 
jar  or  buttery  ib  the  following,  which  ia  the  arrangement  of 
Mntteueci : — 


Fhj.  77- 


V 


A  and  n  (Fig.  77)  are  discs  of  glass  or  gntta  percha  fixed  vertically  in 
metallic  frames,  and  supported  on  insulated  stands.  They  are  about  a  foot 
in  diameter.  On  one  face  of  each  is  wound  spirally,  commencing  from  the 
"cntre,  a  long  and  well  insulated  copper  wire,  about  one-tenth  of  an  inch  in 


diameter;  the  ends  of  the  wire  pass  through  the  disc  at  the  centre,  and  near 
to  the  circumference,  and  are  there  terminated  by  binding  screws,  x  is 
brought  into  the  circuit  of  the  jar  or  battery  ttirongh  a  Lane's  discharger. 
and  the  wired  face  of  b  brought  close  to  it :  even*  time  the  jar  discharges,  a 
shock  of  greater  or  less  intensity,  aecoidingto  the  interval  between  the  disc?, 
is  experienced  by  a  person  graspiitg  the  handles  h  A.  The  spirals  should  be 
luid  symmetrically  on  the  discs,  and  the  wire,  after  being  well  covered  with 
ailk,  should  be  thickly  covered  with  gum  lac. 

Henry  sent  sparks  from  an  electrical  machine  through  a  paral- 
lidngram  of  about  sixty  feet  by  thirty  of  copper  wire,  euspemliil 
by  silk  strings  round  the  ceiling  of  a  room;  a  current  was  induced 
in  a  second  similar  parallelogram  placed  Immediately  In-low  the 
first  in  the  cellar  of  the  building,  thronyh  twojhors,  and  thirty  feet 
mtt  sufficiently  powerful  to  magnetise  needles. 

That  similar  effects  may  he  produced  by  atmospheric  electricity, 
was  proved  by  soldering  a  wire  to  the  metallic  roof  of  the  house 
and  passing  the  other  end  down  into  a  well.  At  every  flash  of 
lightning  a  series  of  currents  in  alternate  directions  was  produced 
in  the  wire,  Sparks  have  indeed  been  seen  on  the  railroad  itself, 
at  the  breaks  of  the  continuity  of  the  rail,  with  every  Hash  of  a 
distant  thundercloud.  Every  discharge  in  the  heavens  must 
therefore  produce  inductive  effects,  to  a  greater  or  less  degree  in  tin- 
telegraph  wires.  In  the  Telegraph  Office  at  Philadelphia,  Henry 
observed  sparks  pacing  from  the  wire  to  a  metallic  surface  in  con- 
nection with  the  earth  through  nearly  an  inch,  during  the  raging 
of  a  storm  at  Washington  :  such,  indeed,  was  the  quantity  and 
intensity  of  the  current,  that  the  needle  of  an  ordinary  vertical 
;inonieter  with  a  short  wire,  and  not  by  any  means  sensible, 
was  moved  by  it  several  degrees  ;  its  pungency  was  also  very  great. 
It  is  well  known  that  small  birds  have  sometimes  been  found 
ing  by  their  claws  dead  from  the  wire,  having  probably  been 
killed  by  one  of  these  inductive  discharges. 

*More  damage,'  observes  Mr.  Highton  (Thr  Etrvtrir  Tr/tym/ili, 
p.  1 1),  '  is  often  done  to  the  telegraph  in  a  single  second  by  a  single 
thunderstorm,  than  by  all  the  mischievous  acts  of  malicious  persons 
in  a  whole  year.  Poets  are  split  in  pieces,  coils  of  wire  are  fused, 
needles  are  demagnetised,  and  permauent  magnetism  given  to  soft 
iron  electro-magnets,' 

In  the  year  184.6,  the  electric  telegraph  on  the  St.  Germain's 
Railway  was  visited  by  an  attack  of  atmospheric  elwtrii-ii y,  lli. 
following  account  of  which  was  communicated  by  M.  Breguet  to 
M.  Arago  (Year  Book  of  Facts,  184.6) : — 

'About  five  o'clock  in  the  afternoon,  during  a  heavy  fall  of  rain,  the  bells 
of  the  electric  telegraph  at  Le  Tesitret  began  to  ring,  which  led  the  at- 
tendant to  suppose  that  he  was  ubont  to  receive  a  communication.     Several 
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letters  then  made  their  appearance,  hut  linding  they  conveyed  no  meaning, 
ho  was  ahi'ut  to  make  the  signal  '  Jfol  wndvttaai}  when  suddenly  he-  heard, 
an  explosion  simihir  to  n  loud  pistol-shot,  and  at  the  -  i  vivid  Hash 

of  light  was  seen  to  run  along  the  conductors  placed  against  the  sides  of  the 
shed.  The  conductors  were  broken  into  fragments,  their  edges  being  fused. 
The  wires  of  several  electro-magnets  were  also  broken ;  and  the  attendant, 
who  was  holding  the  handle  which  moves  the  needle,  sustained  all  over  the 
body  a  violent  concussion;  several  workmen  standing  about  him  JthoftX* 
perienced  severe  shocks.  At  the  other  end  of  the  line,  at  the  Pons  station, 
nothing  was  broken,  and  nothing  remarkable  occurred,  sxoeptiag  that 
several  or  the  bells  were  heard  to  ring.' 

At  the  Oundle  Station  of  the  London  ami  Xoi-ih-Western  Rail- 
w.'iv,  considerable  mischief  was  dune  in  1846,  several  of  the  coila 
being  burst  open,  and  the  vires  fused  :  and  at  the  Chatham  Stii- 
linn  on  the  .Snutb-Kusterti  Railway,  n  flash  of  lightning  destroyed, 
in  August  18+9,  the  wire  of  the  bell-coil  and  both  the  galvano- 
meter coils.  Tn  India,  which  is  occasionally  visited  with  stoma  of 
lightning  such  as  we  seldom  witness  in  this  country,  tin-  damage 
done  18  often  much  more  severe;  and  in  America  the  disastrous 
consequences  resulting  from  the  same  cause  soon  after  the  establish* 
ment  of  the  first  line  of  telegraph  by  Morse,  in  1844,  rendered 
it  imperatively  necessary  to  devise  some  means  for  the  protection 
of  the  wire, 

According  to  the  observations  of  M,  Baumgartner  (Revu<  Soiw 
ti/i'/'ie,  Dec.  i8+o),  the  direction  of  the  atmospheric  electric  currents 
along  the  telegraph  wires  is  from  Vienna  to  Sonnm  ring  during 
the  day,  and  inverse  during  the  night,  the  change  of  direction 
faMng  place  niter  the  rising  and  setting  of  the  sun.  The  regular 
current  is  low)  disturbed  by  irregular  current*  when  the  air  is  dry 
and  the  sky  serene  than  when  the  weather  is  rainy,  and  the  current 
is  more  intense  with  short  than  with  lung  conductors.  When  the 
sky  is  cloudy  and  the  weather  stormy,  currents  are  observed  siilH- 
;>•  intense  to  affect  the  telegraphic  indicators,  and  the  action 
:    stronger  on  the  approach  of  a  storm. 

Mr.  Barlow  has  also  made  some  curious  observations  on  the 
direction  of  the  disturbance  of  the  telegraph  needle.  He  found 
{Phil.  Mag.  vol.  xxxiv.  p.  344)  that  in  telegraphs  proceeding 
northerly  and  north-easterly,  i.  e.  from  Derby  N,  towards  Leeds, 
and  from  Derby  NE,  towards  Lincoln,  the  direction  of  the  dis- 
turbance vie-  always  contrary  to  those  proceeding  southerly  nod 
south-westerly,  e.g.  from  Derby  S.  towards  Rugby,  mid  from 
Rugby  SW.  to  Birmingham.  lie  found  currents  at  all  times 
ptihle  in  telegraph  wires  between  two  earth  conductors,  hut 
not  so  it'  the  wires  have  no  earth  connection  ;  that  the  changes  of 
I'uic  and  direction  were  si  us  at  both  ends  of  a  wire  forty 
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miles  Ions1,  the  current  pawing  direct  from  one  earth  connection  to 
Other;  that  there  is  a. daily  movement  of  the  galvanometer 
needle,  similar  to  that  of  the  horizontal  magnetics  needle,  produced 
by  tin?  electric  currents  travelling  in  one  direction  from  8  a.m.  to 
8  P.M.j  and  returning  in  the  opposite  direction  during  the  remainder 
of  the  twenty-four  hours;  the  movement  of  the  gab 
needle  being  subject  to  disturbances  which  are  the  greatest  during 
the  prevalence  of  aurora  \  that  the  direction  in  which  these  cur- 
r>  n(s  alternate  is  From  XE.  to  SWij  the  eH'cct  not  depending  on 
tlie  direction  nf  the  wire  itself,  but  on  the  relative  direction  of  the 
earth  connections. 
Barli.-.v  made  umultaneoua  ebserratdona  with  the  galvanometer 
and  a  declinometer  needle,  from  which  it  appeared  that  taking  the 
mean  of  many  observations,  that  part  of  the  day  in  which  the  cur- 
rents flow  8.  (i.e.  from  8  or  9  a.m.  till  evening)  the  variation  of 
the  declinometer  nuedle  is  W.,  and  that  during  the  night  and 
Marly  in  the  morning,  at  which  time  the  currents  travel  N.,  the 
ation  in  E.,  aleo  that  those  large  disturbances  called  magnetic 
sLortna  are  simultaneous  on  both  instruments.  Barlow  atbab 
these  currenta  to  thermo-electric  action  in  the  cmst  of  the  eartfa, 
while  De  la  Hive  considers  them  to  originate  in  the  atmosphere. 

The  extraordinary  influence  of  the  Bttrora  boTVaUt  on  the  needle, 
and  .so  me  tin  1  en  even  on  the  bells  of  the  electric  telegrnph,  iithua 
noticed  by  Walker  (Eledric  Telegraph  Manipulation): — 

'At  such  times  needles  move  just  as  if  a  good  working  current  were  pur- 
suing its  ordinary  course  along  the  wires.     They  are  deflected  this  way  or 
iliut.  at  times  with  n  quick  motion,  and  changing  rapidly  from  side  to  si«3 
times  in  ■  f c  mid  :k  o'.liertfmti  moving  more  slowly,  and 

remaining  deflected  for  many  minutes,  with  greater  or  less  intensity,  their 
motions  being  inconstant  and  uncertain.    These  phenomena  have  occurred 
less  freijiu -inly  on  r  1 1 .    pnrt  of  the  line -between  Reignte  and  Dover,  which 
runs  nearly  F,.  and  \V.,  than  on  the  part  between  London ned  Reigale,  which 
runs  nearly  X.  and  S.    When,  however,  thej rdo.  make  their  appearand-  an 
legraph  in  those  parts,  we  are  prepared  to  expect  auroral  manifest  .-1- 
tions  when  night  arrives,  anil  we  are  rarely  disappointed.     The  deflections  in 
their  variations  appear  to  coincide  with   the  various  phases  of  the;  aurora. 
1  in  (lie  branch  line  running  from   Ash  ford  to    Hauisgate,  these  deflections 
have  been  a  much  more  common  occurrence,  even  when  the  parti  of  the 
line  wen  unaffected,  and  when  no  auroral  phenomena  were  noticed.     This 
b  nearly  coincides  with  the  curve  of  equal  dip.    A  dipping  needle  in- 
downward  Co  the  same  angle  at  all  places  along  this  curve    Whether 
there  is  any  relation  between  these  two  facts  remains  to  be  investigated.  .  . 
a  are  also  subject  to  feeble  secular  deflections  corresponding  with 
in   hours  of  the  day,     1  dso  at  times  collect  electricity  from 

rtmosphere  and  affect  the  needles." 

In  France  two  hrilliant  auroras  occurred  on  the  29th  of  August 
rm  the  1st  of  September  1859;  both  acted  powerfully  on  the 
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wires  nf  the  electric  telegraph ;  the  alarums  were  for  n  long  time 
violently  rung,  mid  despatches  were  frequently  interrupted  by  the 
spontaneous  worhAog  of  the  ■ppvwfcoa 

( $  i  )  Paratonnerres  or  Itightnlng  Conductors  for  trie 
Protection  of  Telegraph  Xiines. — Various  forms  of  eniiduetnr 
have  been  invented  and  adopted.  Mr.  Hightcm'B  plan,  which  he 
Btatea  to  he  very  effectual,  is  very  simple.  The  wire  ismirrouiided 
for  six  or  eight  inches  before  it  enters  a  telegraph  instrument  with 
bibulous  or  blotting  paper,  and  passes  through  a  deal  box  lined 
with  tin  plate  in  connection  with  the  earth— the  box  i>  (hen  tilled 
with  iron  filings.  When  a  Hash  of  lightning  happens  to  he  inter- 
cepted by  flra  wires  of  the  telegraph,  the  myriad.*  of  inlimU-sini.tllv 
Inn-  points  of  metal  in  the  filings  surrounding  the  wire  and  having 
connection  with  the  earth,  at  once  draw  off  the  whole  char. 
lightning  and  direct  it  to  the  earth,  and  thus  the  telegraph  instru- 
ment will  be  protected  from  damage,  even  during  the  most  fearful 
thunderstorms  that  may  occur. 

Mr.  C.  V.  Walker's  '  protector  *  consists  nf  a  small  hollow  metal 
cylinder  connected  with  the  earth.  The  line  wire  in  its  passage 
from  the  railway  to  the  telegraph  pusses  through  this  cylinder, 
traversing  which  it  is  first  presented  to  the  inner  surface  in  the 
furaj  of  a  thick  wire  furnished  with  pptira  whom  points  are  in  the 
closest  possible  proximity  to  the  cylinder  without  being  in  actual 
contact  :  it  is  then  continued  on  and  presented  as  a  short  coil  of 
very  fine  wire  wound  on  a  bobbin,  the  outer  convolution  of  the  coil 
being  very  close  to  the  cylinder. 

This  instrument  is  shown  in  Fig.  78.  The  line  wire  is  attached  ate,  the 
instrument  at  d,  and  there  is  a  complete  metallic  connection  between  these 
points  to  the  screws,  ami  the  very  fine  wire  wound 
on  g;  a  is  a  cylinder  of  braes,  insulated  from  the  line 
wire  by  boxwood,  and  in  communication  with  the 
earth  at  e.  The  metal  points  at/  x  y  nllow  the  at- 
mospheric electricity  to  escape  to  the  outer  cylinder, 
and  so  to  the  earth,  while  the  very  fine  wire  on  g 
must  be.  fused  before  the  coarser  wire  in  the  instru- 
ment iTiii  sutler. 

Dreguet's  paratonncrre,  which  is  much  used  mi  iln 
French  telegraph  lines,  is  shown  in  Fig.  79.  The  line 
wire  is  connected  with  a  very  fine  iron  wire  placed  in 
■  glass  tube,  capped  at  both  emits  with  brass,  ami 
screwed  on  to  a  board.  To  the  side  of  one  of  the  brass 
caps  is  fastened  a  serrated  piece  of  metal  a,  imme- 
diately opposite,  and  as  close  as  possible,  to  which  is  a 
similar  serrated  piece  of  metal  c,  in  communication 
With  the  earth  by  the  wire  b  ;  so  that  if  the  wire  of  the 
hue  should  become  charged  with  atmospheric  etcc* 


Fig.  7*. 


(iii  I  In-  Jirunswii']-;  State  Telegraphs,  t  lie  main  wire,  wellprotec* 
ixtta  percha,  is  paaaed  trough  pipes  underground,  and 
fastened  to  a  copper  plate  in  (he  telegraph-room.     From  this  plate 
I  .-mull  insulated  wire  is  extended  to  the  signalling  instrument, 
and  through  the  battery  to  a  second  copper  plate  iu  connection 
with  (he  earth.      The  two  copper  platen  are  insulated  from  each 
other  by  pieces  of  ivory.     The  two  thin  wires,  which  are  covered 
with  silk,  are  twisted  together,  but  separated  near  the  telegraph 
apparatus]  to  the  screws  of  which  they  are  attached.    The  galvanic 
Dunrent  passes  through  the  main  wire  to  the  first  plate,  through 
re  to  the  apparatus  and  electro  magnet,  through  this 
bo  the  galvanic  battery  and  the  second  plate,  over  this  to  a  stronger 
insulated  wire  to  the  ground,  making  a  perfect  circuit.     But  ft 
of  atmospheric  electricity  would  pass  between  the  two 
•r  plates  rather  than  through  long  thin  wires,  and  the  tele- 
graphic apparatus  is  thus  effectually  protected. 

Fitr.  80. 
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brass  plales  in  Fig.  So  are  about  2^  indies  in  diameter,  and  ^  inch 
thick;  they  are  insulated  from  one  another  by  ittrpi  of  gutla  perch*.  The 
ii|i|>er  plate  is  in  con  net-lion  •with  the  line  wire  and  the  instrument  by 
means  of  the  two  terminals  a  b.  The  lower  plate  is  in  communication  with 
the  earth.  If  lightning  enters  the  Elation  by  the  line  wire,  it  leaps  to  c  I ■  •  • 
lower  plate  and  passes  to  the  earth,  and  the  instruments  nre  in  safety.  The 
instrument  shown  in  Fig,  81,  acts  as  a  comniunirainr  u  will  u  H  lightning 
protector.  By  means  of  the  metal  plug  e,  and  the  holes  114,  I  lie  line  wire 
on  either  or  both  sides  of  the  rtatiofl  MB  be  pot  in  connection  with  the  earth, 
or  a  thorough  passage  can  I*  opened  to  the  currant  without  its  influencing 
the  justrument  at  the  .tlalimi,  by  placing  the  plug  at  3  This  will  he  evident 
irmn  the  figure,  the  plate  L  Q  f  being  in  Conner  I  ion  with  the  line  wire  enter- 
ing one  aide  ul'tlic  station  and  one  terminal  of  the  instrument,  and  1.'  v'  v' 
being  connected  with  the  other  side  of  the  instrument,  and  the  other  line 
wire  r  a  r,  insulated  from  these  plales  by  a  strip  «f  paper,  is  in  connection 
With  the  earth;   n  also  is  connected  with  the  earth. 

(6*)  What  is  Atmospberlc  Electricity  r — Ts  it  (hi  tlirily  of 

the  earth,  or  electricity  of  the  air,  02  electricity  of  watery  at  other 
particles  in  the  air - 

Professor  ThomBon  1  ftaMetftftyw  ofiheBayal  Lut&tttim,  May  18, 

i860}  does  not  agree  wifla  Peltier  in  regarding  the  earth  (flan 
nously  charged  conductor  insulated  in  space,  and  subject  only  to 
accidental  infllflfflinfta  from  temporary  electric  deposits  in  clouds  or 
ojr  around  it  ;  because  although  it  is  true  that  in  severe  wenther 
the  earth's  surface  is  generally  found  to  be  negatively  electrified, 
and  although  the  earth  is  insulated  in  its  atmospheric  envelope, 
being  in  fact  a  conductor  touched  only  by  air  (a  strong  insulator), 
it  is  to  be  remarked  that  air  when  highly  rarefied  becomes  weak 
in  its  resistance  to  the  transference  of  electricity  through  it,  and 
begins  to  appear  rather  as  a  conductor  than  as  an  insulator,  su  that 
at  a  distance  of  one  hundred  miles  or  upwards  from  the  earth's 
surf uce,  the  air  in  space  cannot  in  all  probability  have  resisting 
]mv.  <-r  enough  to  bear  any  such  electric  force,  as  those  which  we 
find  even  in  serene  weather  in  the  lower  strata,  and  there  must 
always  he  <:ssniti<rlti;  in  the  higher  aerial  regions  a  distribution 
arising  from  the  self-xaliofby  the  outer  highly  rarefied  air  by  dis- 
ruptive discharges. 

Thomson  considers  that  this  electric  stratum  must  constitute 
very  nearly  the  electropolar  complement  to  all  the  electricity 
that  exists  on  the  earth's  surface,  and  in  the  lower  strata  of  the 
atmosphere. 

The  quality  of  non-resistance  to  electric  force  of  the  thin  inter- 
planetary air  being  considered,  the  earth,  its  ntmmphere,  and  the 
unding  medium  may  be  regarded  as  constituting  respectively 
the  inner  coating,  the  dielectric,  and  the  outer  coating  of  a  large 
Leyden  phial  charged  negatir,!;/. 

The  methods  employed  for  collecting  atmospheric  electri 


WHAT    IB    A.THOSPHEHIC   ELECTA H  ITY  ?  Ill 

(burning1  match,  dropping  "water),  give  the  ( ehcfrvt  petmtUU*  of 
the  air  at  the*  point  occupied  by  the  burning'  match  or  by  the  por- 
tion of  the  stream  of  water  where  it  breaks  into  drops.     If  the 
apparatus  be  used  in  an  open  plane,  and  it  care  be  taken  to  elimi- 
nate all  disturbing  influences,  the  effect  us  indicated  bytheeleettc- 
meter,  if  expressed  in  absolute  electrostatic  measure,  and  divided 
n>  height  of  the  point  tested  above  the  ground,  has  only  to  be 
<  1 1  x  idfld  by  four  times  the  ratio  of  the  circumference  to  its  diameter 
duce  it  to  tm  expression  of  the  number  of  units  in  absolute 
■sure  of  tile  electricity  pox  unit  of  area  of  the  earth's 
surface  pi  the  time  and  place. 

The  most  convenient  and  intelligible  way  of  stating,  the  result 
of  an  observation  of  terrestrial  atmospheric  electricity  in  ahsoltfte 
measure  is  in  the  terms  of  the  number  of  elements  of  a  constant 
lattery  required  to  produce  the  Mime  difference  of  poten- 
tials as  •wist-'  between  the  earth  and  a  point  in  the  sir  at  a  si 
height  above  on  open  level  plane  of  ground. 

Attempts  have  been  made  hitherto  without  success  to  deter  mine 
whether  the  particles  of  rain,  hail,  and  snow  in  falling  through  the 
air  possess  absolute  charges  of  electricity;  but  Thomson  thinks 
that  by  proper  attention  to  insulation,  and  taking  proper  means  to 
phriate  the  disturbing  influences  of  induction,  these  interesting 
questions  niay  be  solved. 

There  rtra  be  no  doubt  that  electric  indications,  when  sufficiently 
studied,  will  be  found  important  additions  to  our  means  for  prog- 
nosticating the  weather.  Prior  Ceca,  in  "775.  gave  the  following 
reply  to  n  question  put  to  him  by  Beccaris,  concerning  the  state  of 
electricity  when  the  weather  clears  up  : — 

'If,'  said  the  Prior,  'when  the  rain  has.  ceased,  strong pcsillve  electricity 
obtains,  it  is  a  sign  that  the  weather  will  continue  fair  fur  several  days ;  if 
the  electricity  is  but  small,  it  is  a  sign  that  such  weather  "will  not  last  so 
much  as  ihitt  whole  day,  ami  that  it  will  soun  be  cloudy  again,  or  even  will 
again  rain.' 

This  rule  as  to  the  {  electricity  of  clearing  weather '  has  been 
found  frequently  confirmed  by  Professor  Thomson,  and  he  looks 
forward  to  an  early  period  when  the  atmospheric  electrometer  will 
\te   as  generally  adopted  as  a  useful  and  convenient  weather* 


PART  II. 
MAGNETISM. 


Natural  and  Artificial  Magnets— General  Principles  of  Magnetic  Action- 
Magnetic  Batteries — Laws  of  Magnetic  Force — Terrestrial  Magnetism — 
The  Land  and  Mariner's  Compass — The  Inclination  and  the  Inclination 
Magnet — The  Variation  of  the  Magnetic  Needle- — Terrestrial  Magnetic 
Intensity — Magnetic  Storms. 

(63)  The  Native   Magnet  or  Natural  Loadstone-  —  This  is 

an  ore  of  iron  consisting  chiefly  of  the  two  oxides  of  that  metal, 
with  a  small  proportion  of  quartz  aud  alumina.  It  is  found  in  con- 
siderable masses  in  the  iron  mines  of  Sweden  and  Norway,  and  has 
been  met  with  occasionally  in  the  iron  mines  of  England. 

If  we  immerse  a  loadstone,  no  matter  of  what  shape,  in  ft  quan- 
tity of  clean  iron  filings,  the  filings  will  be  observed  to  accumulate 
on  two  points  exactly  opposite  each  other,  assuming  the  form 
shown  in  Fig.  82;  these  points  are  called  the  poles  of  the  load- 
stone. If  we  balance  a  small  needle  of  iron  on  a  pivot,  and  bring 
it  near  either  of  these  poles,  we  shall  find  that  it  will  be  attracted 
to  it ;  or  conversely,  we  may  suspend  the  loadstone  by  a  line  fibre, 
and  bring  into  the  vicinity  of  its  poles  a  piece  of  soft  iron,  the 
loadstone  will  be  attracted  towards  the  iron. 

Tig.  8s.  Fig.  8j. 
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The  power  of  the  native  magnet  is  greatly  increased  by  adapting 

left  -  of  lint  soft  iron  to  its  poles,  and  enclosing  it  in  a  silver 

or  brass  case,  as  shown  in  Fig.  83,  where  A  is  the  loadstone;  g  n 
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the  two  pieces  of  soft  iron,  the  lower  ends  turning  inwards :  o  < 
liars  of  copper  to  fasten  the  loadstone  in  its  case,  and  R  a  ring  in- 
serted in  the  top  of  the  box  for  the  purpose  of  suspension. 

(64")  Tbe  Artificial  Mag-net. — If  a  small  bar  of  well-hardened 
steel  be  drawn  a  few  times  across  the  poles  of  an  armed  loadstone, 
taking  care  not  to  remove  the  bar  from  either  extremity  of  I  lie 
latter,  and  to  terminate  the  operation  when  its  extremities  are 
fijiiidistant  from  either  pole,  it  will  he  found  to  have  acquired 
magnetic  properties.  For  mngnetiaing  larger  bars,  a  great  number 
of  processes  have  been  invented. 

I.  Knight'i  Method, — The  bar  1  n  (Fig.  84)  >b  placed  under  the  poles  n  s  of 
two  equal    magnets;  the   Intter  are  then  separated  and  moved  slowly  in 
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opposite  directions  a  A,  >»  a,  this  operation  is  repeated  several  times,  when 
the  bar  will  have  acquired  all  the  magnetism  it  is  capable  of  receiving. 
Scores  by  placed  thi'  bar  t.'  Lie  magnetised  a&on  Che  Ottgnets,  repeating  tbl 
process  about  six  times  on  each  side  of  the  bar. 

4.  Duhamrl'it  Method,— The  bars  to  be  magnetised  are  placed  parallel  to  each 
other,  arid  their  extremities  united  by  two  pieces,  sr  m  of  soft  iron  (Fig.  85). 
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The  inducing  magnets  a  a',  which  are  either  strong  single  bars,  or  bundles 
of  smaller  magnets,  are  placed,  as  in  the  figure,  on  one  of  the  bars  to  be 
magnetised ;  they  are  then  separated  from  each  oilier  as  in  Ktiight1s  method  ; 
the  same  is  repeated  on  the  other  bar,  and  continued  alternately  on  both  till 
,ignelisin  is  supposed  lo  be  completely  developed  on  both  bars.  When 
the  second  bar  is  being  operated  upon,  the  disposition  of  the  poles  of  the 
inducing  magnets  must  of  course  be  reversed. 

3    Mitcheir*  Method. — This  is  called  the  method  of  double  touch.     Four  or 
■  ••jual  steel  bars  are  placed  in  the  same  straight  line;  two  bundles  of 
I 
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magnets  A  a'  (Fig.  86)  are  joined  together  at  a  distance  of  one  fourth  of 
an  inch,  their  opposite  poles  being  together ;  the  double  bundle  is  then  placed 
upon  the  middle  of  the  centre  bar  b,  and  moved  backwards  and  forwards 
throughout  the  entire  length  of  the  line  of  bars,  repeating  the  operation  on 


Fig.  86. 
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each  side  till  the  greatest  possible  effect  is  produced.  A  powerful  horseshoe 
magnet  may  be  substituted  for  the  double  bundle  of  straight  magnets  in  this 
process. 

4.  Coulomb's  Method. — Fixed  and  moving  bundles  of  magnets  are  em- 
ployed. The  bar  to  be  magnetised  is  laid  between  the  two  fixed  bundles 
m  n  (Fig.  87),  with  its  ends  resting  on  two  projecting  pieces  of  iron.    The 


Fig.  87. 


two  bundles  of  inducing  magnets  A  a'  are  placed  in  the  centre  of  the  bar  at 
an  angle  of  ixP  or  300,  their  opposite  poles  being  separated  by  a  small  piece 
of  wood  or  copper  one  fifth  of  an  inch  wide.  They  are  then  moved  succes- 
sively from  the  centre  to  each  extremity  of  the  bar  b  b  several  times,  taking 
care  to  finish  the  operation  when  the  united  poles  are  in  the  centre  of  the 
bar.    The  same  operation  is  repeated  on  the  other  side. 

5.  Epinui's  Method. — If  the  bars  to  be  magnetised  have  a  horseshoe  form, 
which  is  very  convenient  when  both  poles  are  required  to  act  together,  they 
are  laid  together  as  in  Fig.  88,  the  ends  which  are  intended  to  be  contrary 
poles  being  placed  in  contact,  a  powerful  horseshoe  magnet  is  then  placed 
with  its  north  pole  next  to  that  which  is  to  be  the  south  pole  of  one  of  the 
horseshoe  bars,  and  then  carried  round  and  round,  but  always  in  the  same 
direction.  The  bars  are  then  turned  over,  and  the  process  repeated,  till  a 
high  degree  of  power  has  been  imparted  to  them.    Several  precisely  similar 
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bars,  when  thus  BUgHctised,  may  bo  united  together  by  screws  T T*  (Fig. 
i   1  thua  constitute  a  powerful  magnetic  battery. 

Fig.  88. 
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6.  By  the  Voitaie  Current.  —  About  25  feet  of  Fig,  89. 

well  insulated  topper  wire  are  wound  so  aa  to 
form  a  hollow,  very  short,  but  thick  cylinder 
(Fig.  90),  A  current  from  a  strong  Voltaic 
pair  is  passed  through  the  wire,  and  the  steel 
bar  to  be  magnetised  Is  placed  in  the  cylinder,  in 
which  it  is  moved  up  and  down  to  the  very  ends. 
When  the  central  portion  of  the  steel  bar  again 
occupies  the  cylinder,  the  circuit  J9  opened,  and 
the  bar,  which  is  now  perfectly  magnetised,  is 
withdrawn. 

When  the  bar  is  curved  in  the  form  of  a  horse- 
shoe, it  is  well  to  close  it  with  its  keeper  during 
magnetising ;  und  when  a  straight  one,  to  pro* 
vide  it  at  the  top  and  bottom  with  a.  piece  of 
iron.  By  this  process,  which  was  first  published 
by  M,  P.  felins,  of  Haarlem  (fM.  Mag.  vol.  xxv.), 

very  large  bars  may  be  magnetised  to  saturation  by  a  single  passage  through 
the  cylinder. 

Fig.  90. 


Magnets,  when  laid  aside,  should  be  placed  in  the  position  which 
they  would  assume,  in  consequence  of  the  action   of  terrestrial 
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magnetism.  All  rough  and  violent  treatment  should  he  avoided, 
every  concussion  or  vibration  amongst  its  particles  tending  to 
weaken  its  power.  The  similar  poles  of  two  bar  magnets  should 
not  he  brought  into  contact,  or  both  may  be  much  weakened  ;  they 
should  he  kept  in  pairs,  with  their  dissimilar  poles  either  in  con- 
tact or  connected  together  by  two  pieces  of  soil  iron,  so  as  to  loiiu 
a  parallelogram.  Horseshoe  magnets  should  have  a  short  bar  of 
soft  iron  adapted  to  connect  the  two  poles,  and  should  never  be  laid 
aside  without  such  a  piece  of  iron  adhering  to  them. 

(65)  General    Principles. —  1.    Dincti'm, — If   a  bar  of  steel, 

magnetised  by  any  of  the  pro- 
cesses above  described,  be  sus- 
pended horizontally  in  a  little 
stirrup  of  paper  or  metal,  by  a 
fibre  of  silk  (Fig.  91)  ;  and  if  all 
bodies  of  a  ferruginous  nature  be 
removed  from  its  vicinity,  it  will, 
after  a  few  oscillations,  take  up  a 
position  nearly  north  and  south  : 
and  if  disturbed  from  this  posi- 
tion and  placed  in  any  other,  it 
•  1  will  not  remain  there,  but  as 
soon  as  it  is  at  liberty  to 
move  it  will  resume  its  former  position. 

2.  Attraction  and  Repulsion. — If  two  magnetised  bars  be  poised, 
and  placed  in  different  positions  with  regard  to  each  other,  it  is 
found  that  in  some  positions  they  appear  to  be  attracted  towards 
each  other,  while  in  others  they  manifest  a  mutual  repulsion.  This 
does  not,  however,  happen  capriciously  j  the  two  north  poles,  and 
the  two  south  poles,  invariably  repel  each  other:  but  the  north 
pole  of  one  magnet  always  attracts  and  ia  of  course  attracted  by 
the  south  pole  of  the  other. 

3.  Magnetic  Poles. — If  n  magnetised  bar  be  sprinkled  over  with 
fine  iron  filings,  the  filings  will  be  found  to  adhere  to  it  in  the  form 
of  bristling  tufts,  but  by  no  means  in  a  uniform  manner ;  at  the 
<  -x  I  romities  e  e  (Fig.  92),  the  iron  filaments  will  be  very  long, 
standing  out  perpendicularly  from  the  surface.  As  the  centre  of 
the  bar  is  approached,  they  will  become  shorter,  gradually  taking 
up  a  more  and  tnore  inclined  position,  and  adhering  in  smaller  and 
smaller  tufts  as  the  centre  line  m  m'  is  approached.  In  the  im- 
mediate neighbourhood  of  this  line  no  filings  are  attracted;  this, 
therefore,  is  called  the  neutral  /hie,  and  the  two  halves  of  the  bar 
p p  are  called  the  magnetic  poles.  Every  magnet,  natural  or  arti- 
lii  ial,  possesses  essentially  this  neutral  line3  and  these  magnetic 
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poles ;  but  it  sometimes  happens  that  a  magnetised  bar  possesses 
more  than  two  poles,  two  or  more  poles  alternating  between  those 
situated  at  either  extremity  of  the  bar.  A  magnet  in  this  condi- 
tion is  said  to  have  '  eotuteutwe  '  polas. 

Fig.  91. 


4,  Magnetic  (Vjwj, — If  a  magnetised  bar  be  laid  on  a  table, 
and  covered  with  a  sheet  of  white  paper,  or  with  a  thin  plate 
of  glass,  and  iron  tilings  sifted  over  it  from  a  muslin  bag, 
the  filings  will  on  gently  tapping  the  paper  arrange  themselves 
round  and  about  the  poles  of  the  bar  in  a  very  beautiful  manner, 
forming  a  succession  of  curves  known  as  the  magnetic  curves  (Fig. 
93  t,  or  '  curved  lines  of  magnetic  force  '  {Faraday),     On  examiu- 

Fig.  9*. 


e»7v>y.v;i  _ 


ing  these  curves,  it  will  be  found  that  the  force  decreases  gradually 
from  the  poles  towards  the  centre,  or  some  point  intermediate  be- 
tween the  two  poles,  where  it  vanishes  altogether,  This  ia  the 
neutral  point,  or  the  eqwitur  of  the  magnet. 

Beautiful  visual  evidence  of  the  existence  of  two  distinct  mag- 
netic forces,  of  their  mutual  attractions  and  repulsions,  may  be 
obtained  thus — 

Let  the  two  dissimilar  poles  of  two  powerful  bars  be  placed  in  the  same 
line,  about  one  ami  a  half  or  two  inches  apart,  and  let  iron  filings  be  sifted 
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The  fundamental  properties  of  the  magnetic  eurvcs  were  inves- 
tigated mathematically  by  Dr.  Koget  {Juurmtl  of  tin  JZoyoJ  / 
tatiflrtj  Feb.  iS 3 1).  He  describes  them  as  having  the  following 
remarkable  property  :  viz.  That  the  difference  of  the  cosines  of 
the  angles  which  lines  drawn  from  any  point  in  the  curve  to  the 
two  poles  make  with  tlit:'  MM  taken  1111  th.fi  -hum'  side,  is.  t-«_»nslji]i 1 1 
and  he  constructed  a  system  of  rules  by  which  those  curves  may 
be  iiiecbunicully  delineated, 

5.  Induction. — In  order  to  communicate  magnetism  from  a  natu- 
rul  or  artificial  magiiet  to  un magnetised  iron  or  steel,  it  is  not 
necessary  that  the  two  bodies  should  be  in  contact.  The  commu- 
nication is  effected  as  perfectly,  though  more  feebly,  when  the 
bodies  are  separated  by  space.     Thus,  in  Fig.  97,  if  the  north  pole 
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of  an  ailificiol  steel  magnet,  a,  be  placed  near  the  extremity,  s,  of 
it  piece  of  soft  iron,  B,  the  end  s  will  instantly  acquire  the  proper- 
ties  of  a  south  pole,  and  the  opposite  end  «  those  of  a  north  pole, 
The  opposite  poles  would  have  been  produced  at  «  and  s  if  tins 
south  pole  s  of  the  magnet  a  had  been  placed  nr»ar  the  iron  bur  a. 

In  like  manner  n,  though  only  temporarily  magnetic,,  will  render 
another  piece  of  iron  c,  and  this  again  another  piece  i>,  temporarily 
magnetic,  north  and  south  poles  being  produced  at  »'  #*  mid  u4'  g". 

Here  we  observe  a  marked  analogy  between  the  phenomena  of 
ietic  attraction  and  repulsion,  and  those  of  electrical  attraction 
and  repulsion.  In  both  there  exists  the  same  character  of  double 
agencies  of  opposite  kind,  capable  wheu  separate  of  acting  with 
great  energy,  and  being  when  combined  together  perfectly  neutra- 
lised, and  exhibiting  no  signs  of  activity.  As  there  are  two  elec- 
trical, BO  there  are  also  two  magnetic  powers,  and  both  gel 
phenomena  are  governed  by  the  same  characteristic  laws.  Thus, 
in  the  above  experiment,  the  magnetism  inherent  in  b,  c,  d,  is  said 
to  be  induced  by  the  presence  of  the  real  magnet  k  •,  and  the 
phenomena  are  precisely  analogous  to  the  communication  of  elec- 
tricity to  unelectritied  bodies  by  induction  (7).  "When  a  magnet 
attracts  a  piece  of  iron,  it  does  so  byf  inducing  an  opposite  polarity 
at  the  end  adjacent  to  it,  and  the  two  opposite  principles  attract 
each  other.  So  also  when  iron  tilings  are  attracted,  the  particle 
of  iron  next  the  magnet  has  magnetism  induced  on  it,  and  it 
becomes  a  minute  magnet  like  a,  Fig.  97.     This  particle  indi 
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magnetism  on  the  next  particle  like  e,  and  so  on,  the  opposite 
polarities  in  each  particle  of  the  filings  attracting  one  another  a& 
if  they  were  real  magnets. 

On  comparing  tho  amount  of  the  ullrai-tiw  force  of  the  two  rijh 
similar  poles  of  two  magnets  with  the  amount,  of  the  rejmlsiie  force 
of  the  two  similar  poles,  it  is  found  that  llie  former  force  is  con- 
siderably greater  than  the  latter.  This  result  is  a  necessary  conse- 
quence of  the  inductive  process  whore  described.  When  the  two 
attracting  poles  are  in  contact,  each  magnet  tends  to  increase  the 
power  of  the  other  by  developing  the  opposite  states  in  the  adjacent 
halves,  and  thus  increasing  their  mutual  attraction.  But  when  the 
two  repelling  poles  are  brought  into  contact,  each  magnet  has  a 
tendency  to  diminish  the  repulsive  power  of  the  other  by  develop- 
ing in  it  a  polarity  contrary  to  that  which  it  possesses.  If  one 
magnet  be  considerably  stronger  than  the  other,  the  repulsion  which 
first  takes  place  on  bringing  their  similar  poles  near  each  other  is 
changed  to  attraction  when  they  are  brought  into  contact,  the 
strong  magnet  destroying  the  similar  magnetism  in  the  half  of 
the  weak  magnet  next  to  it,  and  inducing  in  it  the  opposite 
polarity. 

The  operation  of  magnetic  induction  iwoy  he  well  illustrated  by 
the  following  experiments : — 

i.  Let  three  or  four  soft  iron  wires  be  suspended  from  the  n  polo  of  a  strong 
bar  magnet;  it  will  be  found  that  they  will  not  hang  parallel  to  each  oilier, 
but  assume  the  position  indicated  in  Fig 
08,  The  wires  become  temporarily  mag- 
netic, their  s  poles  being  determined  co- 
wards and  adhering  to  the  n  pole  of  the 
magnet  i  while  the  s  poles  not  being  under 

any  restraining  power, 

manifest  a  mutual  re- 
pulsion  and  avoid  one 

another,  as  shown   iu 

the  figure, 
a.  Let  two  pieces  of 

soft  iron  be  suspended 

by  threads  from  a  ring 

or  hook,  and  let  the  n 

pole   of  a   strong   bar 

magnet  a  (Fig.  99)  be 

held  at  a  certain  dis- 
tance below  them,  the 

wires  will  become  in* 

ductively       magnetic, 

and     their    similar     s 

poles  being  determined 

towards   s.  a  mutual 
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Fig.  98. 
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repulsion  is  set  up.  If,  now,  the  magnet  be  brought  very  near,  the  repulsion 
of  the*  tends  of  the  wires  givt'3  place  to  an  apparent  attraction;  this  is 
caused  by  the  strong  attraction  of  a  for  both  wires  overcoming  their  own 
mutual  repulsion  ;  the  repulsion  of  the  n  ends  of  the  wires  is,  however,  now 
rendered  evident,  and  the  nearer  the  inducing  magnot  is  brought  to  the 
wires  the  stronger  will  this  repulsion  be  manifested. 

3.  Let  a  forked  piece  of  soft  iron  c  i>  e  (Fig-  100)  be  suspended  by  one 
of  its  branches  from  ihe  u  pole  of  the  magnetic  liar 

bj  if  the  power  uf  the  bar  be  pretty  strong,  ft  will  jrgg_  ro0| 

induce  sufficient  magnetism  in  cde  to  enable  it  tfl 
hold  in  suspension  the  key  K|  but  if  we  now  bring 
into  contact  with  the  other  branch  of  the  furls  the 
s  pole  uf  a  second  magnet  A,  the  key  will  drop  off; 
the  reason  being,  that  the  a  pole  of  N  induces  a 
northern    polarity  at   the    lower   end  E  of  the  furk,  jjl  _J]\T 

hence  its  power  of  sustaining  the  key  ;  but  the  s  pole 
of  a  tends  to  give  a  southern  polarity  to  the  sume 
end,  and  the  two  actions  mutually  destroy  or  neu- 
tralise each  other. 

4.  Let  a  mass  of  soft  iron,  such  as  a  key,  be 
suspended  from  either  pole  of  a  strong  magnet  it 
(Fig.  loi),  and  then  let  a  second  and  similar  magnet 
a  be  gradually  slid  over  a,  taking  care  that  the  oppo- 
site poles  of  the  two  bars  shall  come  into  contact. 
When  the  end  of  a  arrives  within  a  certain  distunce 
of  B,   Ihe  key  will  fall  off  as  if  the  bar  had  lost  its 

magnetic  power;  this,  however,  is  not  tire  case,  for  on  removing  a,  the  key 
ay  be  again  supported  from  l». 


Fig.  101. 


5.  Let  a  word  or  a  figure  of  any  kind  be  traced  with  a  powerful  bar  mag- 
net with  around  end  on  a  well  tempered  and  polished  steel  plate;  then  let 
clean  iron  tilings  be  shaken  on  the  plate  from  a  muslin  bag,  I  he  tiling?  will 
be  found  to  arrange  themselves  in  the  empty  spaces  between  the  lines  traced 
by  the  pole  of  the  magnet,  and  thus  represent  on  vacant  steel  the  design 
that  has  been  traced.  If  a  south  pole  has  been  used,  all  the  traces  marked 
will  have  a  north  polar  magnetism,  and  the  Mings  collect  at  the  parts  where 
the  magnetism  is  most  intense,  arranging  themselves  in  pencils  and  radii. 
These  magnetic  figures  were  first  produced  by  M.  Ilaldat. 

(66)  Qualities  of  Steel  for  Artificial  Magnets* — From  the 
cperiuients  of  Scoresby,  it  would  appear  that  fov  Yav^sj  ov.  m»8&N  ■ 
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single  and  compound  magnets  of  the  straight  bar  Form,  the  beat 
material  is  hard  nod  steel ;  for  horseshoe  magnets  if  single,  cast 
steel  annealed  frain  file  hardness  at  a  temperature  of  about  550°,  or 
shear  steel  a  little  reduced  ;  and  for  compound  horseshoe  magneto, 
cast  steel  annealed  at  4800  to  5000,  or  shear  steel  perfectly  hard  ;  fa* 
compass  needles,  it"  single  and  heavy,  such  as  are  suited  for  stormy 
weather,  hard  cast  ifteel ;  if  light  or  of  moderate  weight,  whether 
single  or  compound,  the  best  cast  steel  annealed  at  5000  or  550°, 
or  hard  shear  steel,  or  hard  east  steel  from  Bradford  iron,  and  for 
very  light  needles,  or  other  small  magnets,  the  best  east  steej 
annealed  at  the  heat  of  boiling  oil.  Cast  iron  (No.  1  pig  metal) 
bftlfl,  if  hardened  at  the  end,  are  capable  of  forming  powerful  and 
permanent  magnets.  Hearder  constructed  a  battery  of  tweni y- 
Iijur  bars,  each  weighing  3  lbs.,  which  was  capable  of  lifting 
6a  lbs. 

The  practice  of  hardening  the  ends  only  nf  bars  destined  for 
magnets  is  not,  according  ^o  the  same  authority,  to  be  recom- 
mended, as  tlits  mode  of  tempering  possesses  no  advantage  as  to 
capacity,  while  it  bus  much  disadvantage  as  to  tenaciousness,  ex- 
cept in  very  thin  bars.  A  moderate  hardening  throughout  is  the 
most  efficacious. 

Scoresby  found  a  constant  relation  between  the  ductility  of  iron 
and  its  magnetic  capacity :  the  best  iron  possesses  the  highest 
magnetic  quality,  lie  examined  magnetically  all  the  varieties  of 
steel,  both  hard  and  soft.,  and  the  results  he  obtained  revealed 
such  a  relation  between  the  mngnetical  properties  of  several  bars 
and  the  denomination  of  steel  of  which  they  were  made,  as  to  show 
tliat  it  might  not  be  impossible  that  magnetism  may  be  rendered 
available  for  ascertaining  not  only  the  degree  of  earburation  but 
even  for  determining  the  quality  of  iron  out  of  which  the  steel  may 
have  been  manufactured. 

(67)  Most  Advantageous  form  of  Magnet, — According  to 
Laniont  (Pogg.  Ann.  vol.  cxiii.),  there  are  two  forms  which  appear 
advantageous:  the  flat  contracting  to  a  point  from  the  middle; 
and  the  flat  prismatic;  in  the  Jii\st,  form  the  proportion  of  the 
magnetism  to  the  weight  is  greater  by  one-eighth  part  than  in  the 
latter,  so  that  it  must  always  hold  as  a  rule  that  the  thickness  and 
breadth  must  be  as  much  diminished  as  the  other  necessary  con- 
ditions permit. 

1 68  (  Laws  of  Magnetic  Combinations  ;  Magnetic  Bat- 
teries.— By  combining  the  principle  of  the  diffusion  of  energy  by 
the  combination  of  separate  plates  with  that  of  selection  by  testing 
I  tenacious  plates,  very  powerful  magnetic  batteries 
may  be  constructed.     Scoresby  constructed  a  battery  of  15-inrh 
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hard  plates,  the  power  of  which  was  fire  or  six  times  aa  great  as 
could  be  obtained  from  any  combination  in  bara  of  similar  length 
of  plates  of  n  spring  temper  only,  the  quality  of  steel  usually  em- 
ployed. A  combination  of  bars  la  proportionally  more  powerful 
tb.aD  a  single  bar  of  equal  weight;  the  absolute  gain  of  power, 
however,  gradually  diminishes,  tod  beyond  a  certain  extent  con- 
tinued additions  to  a  powerful  combination  is  not  only  not  bene- 
ficial but  positively  Injurious.  Advantage  is  gained  by  separating 
the  plates  by  email  discs,  a  larger  number  may  then  be  employed. 
With  regard  to  the  degree  of  hardness,  for  all  practical  purposes, 
the  limits  may  be  considered  as  comprised  between  a  brink-  hard- 
ness, like  that;  of  tiles,  and  that  of  a  spring  temper. 

(69)  Directive  Power  of  Magnetised  Bars. — For  ascertaining 
this  point,  <  "ouloiub  employed  his  balance  of  torsion  (fig.  6,  p.  6.1. 

resby,  however,  recommends  as  sufficiently  exact  for  practical 
purposes  generally,  the  method  of  deviations.  The  bars  to  be 
examined  and  compared  are  laid  in  a  horizontal  position,  and  at 
right  angles  to  the  magnetic  meridian.  A  compass  needle  is  Bus- 
ied at  a  given  distance,  and  the  tangent*  of  deiiutim  produced 
by  the  bara  to  be  tested,  afford,  provided  they  are  of  the  same 
Length,  a  satisfactory  estimate  of  their  proportional  powers.     To 

ascertain  the  relative  strength  or  tenaciousnoss  of  magnetic  bars, 
compass  needles,  &c,  Scoresby  directs  first  to  ascertain  their  direc- 
tive energy  separately,  and  then  to  bind  them  up  into  a  bundle 
witli  their  corresponding  poles  in  contact  \  they  are  then  to  he 
D  apart  and  their  directive  energy  again  determined.  Some- 
times the  bars  have  their  poles  reversed  by  this  treatment.  In  this 
way  mrprisiltg  differences  may  be  sometimes  detected  in  burs 
apparently  similar. 

( 70)  Laws  of  Magnetic  Force.— Tt  was  inferred  by  Newton, 
'  from  some  rude  observations,'  that  the  power  of  a  magnet 
decreases  not  in  the  duplicate,  but  almost  in  the  triplicate  ratio  of 
the  distance!  Hawksbee,  Wilson,  and  Taylor  gave  a  law  of  force 
which  varies  as  the  aesquidtiplictde  ratio  of  the  distances;  andMus- 
chenbroek's  researches  led  him  to  the  conclusion  '  that  no  assign- 
able proportion  exists  between  the  forces  and  the  distances, 
whether  of  attraction  or  repulsion.'  Mayer  and  Martin  considered 
the  true  law  of  the  magnetic  force  to  be  identical  with  that  of 
gravitation,  according  to  the    effective  force  which   operates  in 

ring  a  needle  to  its  meridian  when  drawn  aside  from  it,  is 
directly  as  the  line  of  the  angle  of  its  deflection.  The  law  of 
force  was  found  to  be  in  the  inverse  duplicate  ratio  of  the  distances. 
The  directive  or  polar  force  of  a  magnet  upon  a  email  needle  was 
shown  by  Lambert  to  be  as  the  absolute  force  or  magnetic  inteu- 
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aity  of  the  particles  directly,  unci  as  the  squares  of  the  iisJ 
inversely.     Lambert's  deductions  were  subsequently  conlirmed  by 
Coulomb. 

According  to  the  more  recent  inquiries  of  Harris  (Edinb.  PhiL 
Tram.  1839),  there  is  a  limit  in  respect  to  the  elementary  magnetic 
inductive  forces  different  for  different  magaets,  and  varying  with 
the  magnetic  conditions  of  the  experiment;  but  as  a  general  rule 
the  elementary  force  of  magnetic  induction  is  as  the  magnetism 
directly,  and  from  the  J  or  square  root  to  the  J  power  or  «e*?"H 
duplicate,  ratio  of  the  distance  inversely.  Htlril  examined  the 
forces  at  successive  points  of  an  accurately  divided,  powerfully 
magnetised,  and  equally  tempered  bar,  by  means  of  hie  hydrostatic 
balance,  find  found  that  the  magnetism  in  different  parts  of  ji 
regularly  tempered  and  magnetised  steel  bar  of  uniform  texture, 
was  directly  as  the  distance  from  the  magnetic  centre,  while  the 
reciprocal  force  between  any  given  point  and  soft  iron  was  as  the 
square  of  the  distance  from  that  centre. 

By  the  following  instructive  experiment,  Harris  has  showu 
that  magnetism,  like  electricity,  is  only  influenced  by  the  surface, 
and  is  independent  of  the  mass  of  the  magnetised  body. 

Between  the  magnet  n  (Fig.  102)  anil  the  trial  rod  t  of  the  magnetometer, 

a  small  cylinder  of  iron  A  b 
was  placed,  into  which 
could  be  inserted,  as  a  core, 
a  closely  fitting  cylinder 
a  b,  also  of  iron.  The 
magnet  was  placed  at  a 
convenient  distance  below 
the  cylinder,  and  the  at- 
tractive forces  on  the  trial 
rod  were  measured  when 
the  interposed  cylinder  was 
hollow,  when  the  core  was 
in  its  place,  and  when  it 
was  drawn  out,  as  repre- 
"  Sen  ted  by  I  he  doited  lines 

jJJ  in    the    figure,    so    as   to 

double  the  extent  of  the 
interposed  surface.  When 
the  joint  cylinders  were 
taken  together  as  a  mass, 
and  when  the  interior  cy- 
linder was  removed,  the 
fores  was  in  both  cases  the 
same;    but  when  the  core 

was  drawn  out,  so  as  to  extend   the   surface  to  the   greatest  limit,  the 

intemity  was  diminished  one  half. 


Fig,  102. 
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has  also  investigated  thelnwB  of  magnetism  ( 1'hil.  Mag., 
series,  vol.  i.  p,  495).    The  principal  results  of  his  inquiry  are 
the  following : — 

1.  The  mutual  attraction  of  a  magnet  and  a  sphere  of  soft  iron,  when  both 
are  in  contact,  is  directly  propoitional  to  the  strength  of  the  magnet 

jl  The  mutual  attraction  of  a  magnet  and  a  sphere  of  soft  iron,  when 
both  are  separated  by  a  small  fixed  distance,  is  directly  proportional  to  the 
square  of  the  strength  of  the  magnet. 

3.  The  mutual  attraction  of  a  magnet  of  constant  strength  and  a  sphere 
of  soft  iron,  is  invertxlij  proportional  to  the  distance  between  the  magnet  uud 
the  sphere. 

4,  When  I  he  distance  between  the  magnet  and  the  sphere  varies,  and  a 
constant  force  opposed  to  the  pull  of  the  magnet  is  applied  to  tho  latter,  to 
hold  this  force  in  equilibrium,  the  strength  of  the  magnet  must  vary  as  the 
square  root  of  the  distance. 

(71)  Terrestrial  Mapnetiim. — The  earth  must  he  regarded 
as  a  magnetic  mass  operating  on  the  magnetic  needle  precisely  in 
tlii-  .sumo  way  aa  one  magnetic  mass  operates  on  another.  The 
total  magnetic  power,  or  '  moment  magnetism,'  of  the  earth,  as  com- 
pared with  that  of  a  saturated  steel  bar  one  pound  in  weight,  was 
calculated  hy  Gauss  to  be  as  8,4.64,000,000,000,000,000,000  to  1  ; 
which,  supposing  the  magnetic  force  to  be  uniformly  distributed, 
will  be  found  to  amount  to  about  six  such  hare  to  every  cubic 
yard. 

If  we  communicate  magnetism  to  a  steel  bar  which  in  its  neutral 
condition  has  been  exactly  equipoised  when  suspended  freely  from 
its  centre,  we  shall 

Fig.  loj. 
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hud  that  it  no 
longer  maintains  its  — 
horizontal  position, 
hut  assumes  an  ob- 
lique  one,  being  in- 
clined with  its  north 

ale  downwards  at 
angle  of  about 
68- 1 5°.  If  we  take 
this  needle  to  differ- 
ent parts-  of  the 
earth;  we  shall  find 
its  inclination  to  be 
different  in  different 
parts,  the  angle  be- 
coming greater  and 
greater  aa  we  approach  the  poles,  and  less  and  less  as  we  approach 

le  equatorial  regions. 
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Figv  104. 


The  magnetic  condition  of  the  globe  may  be  illustrated  thus : — 

Let  11  bir  magnet  be  enclosed  in  a  light  wooden  or  pasteboard  sphere 
(Fig.  103),  and  leL  a  light  magnetic  needle  be  suspend ed  by  a  thread,  anil 
held  over  the  equator  of  the  sphere,  it  will  assume  a  horizontal  position,  it* 
north  pole  pointing  towards  the  south  pole  of  the  enclosed  magnet;  let  the 
needle  then  be  moved  gradually  over  the  surface  of  the  globe,  and  it  will  be 
found  to  assume  the  different  positions  indicated  in  the  figure,  in  which  the 
north  pole  of  the  suspended  needle  ia  distinguished  by  an  arrow  bead. 

(7%)  The  Xiand  Compass. — The  magnetised  needle  is  placed 
upon  a  point  in  the  centre  of  a  braes  or  wooden  box  furnished  with 
a  graduated  ring-.  The  box  is  furnished  with  two  straight  edges 
of  brass,  or  index  marks  to  set  to  any  proposed  line,  and  sometimes 
with  sights,  the  top  being  covered  with  glass  to  prevent  the  needle 
from  being  disturbed  by  the  action  of  the  air.  There  are  also  two 
small  pieces  of  brass,  one  of  them  turning  upon  n  fixed  point,  which 
is  used  to  check  the  oscillation  of  the  needle  by  pressing  on  its 
upper  end ;  the  ring  at  the  other  end  of  the  lever  is  raised  till  it 
touches  the  needle,  which  ia  thereby  rendered  steady  ;  the  lever  is 
then  let  down,  and  the  needle  left  to  find  its  proper  direction.  In 
the  figure  (Fig.  104.)  the  needle  is  mounted  with  a  card  divided 

into  points  and  quarter 
points  of  the  compass, 
the  N.  and  S,  points 
being  mttde  to  corre- 
spond very  exactly  with 
the  needle  ;  in  this  form 
the  general  direction  of 
an  object  will  be  known 
by  observing  its  bear- 
ing, which  will  always 
be  in  accordance  with 
the  magnetic  meridian 
of  the  place  of  obser- 
vation.. 

(73)  The  Mari- 
ner's Compass.  —  In 
the  ordinary  form  it 
consists  of  a  magnetic 
needle  attached  to  a 
circular  card,  the  surface  of  which  is  divided  into  the  four  cardinal 
points  N.  S,  E.  and  W.  These  Again  are  sub-divided  into  thirtv- 
tfflTO  points,  which  arc  called  rhumbs.  In  the  azimuth  compass 
the  circle  is  divided  into  360  parts.  The  position  of  the  needle  i,* 
usually  estimated  in  terras  of  the  thirty- two  points,  but  in  refined 
experiments  the  angular  deviation  of  the  needle  from  the  line  of 
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the  magnetic  meridian  is  measured  in  degrees  and  minutes  taken 
in  reference  to  either  the  N.  or  S.  pole  of  the  card.  Thus,  instead 
of  rhumb  SW.,  we  say  S.  4.50  W. ;  instead  of  ENE,,  we  say 
N.  670  30'  E.,  and  so  on. 

The  azimuth  compass  is  shown  in  Fig,  105,  the  compass  box  a  n 
is  suspended  within  n  Inrgo  box,  p  q,  upon  two  concentric  brass  circles  or 
gimbals,  the  outer  circles  being  both  fixed  by  horizontal  pivots  to  tbe  inner 
circle  which  carries  the  compass  box ;  the  two  axes  upon  which  the  gimbals 

Fig.  roj. 


move  being  st  right  angles  to  each  other.  The  effect  of  this  construction  is. 
that  the  compass  box  a  b  will  retain  a  horizontal  position  during  the 
notions  of  tin  vessel.  The  compass  bos  is  furnished  with  sights,  c  h. 
through  which  any  object  may  be  seen,  and  its  angle  with  the  magnetic 
an  increased. 
For  this  purpose  the  whole  box  is  hung  in  detached  gimbals,  c  n,  e  f, 
which  turn  upon  a  stout  vertical  pin,  seen  above  s.  In  this  cotnpnss  the 
card  is  divided  on  its  rim  into  360°,  but  the  divisions  are  more  frequently 
placed  on  a  light  metallic  rim  which  it  carries.  The  eye  is  applied  to  the 
sight  a,  which  is  a  strip  of  brass  containing  a  narrow  slit.  The  other  sight 
o,  which  is  turned  towards  the  object,  contains  an  oblong  aperture,  along 
the  axis  of  which  is  stretched  a  fine  wire,  which  is  made  to  pass  over  the 
object  whoso  angular  distance  or  azimuth  from  the  magnetic  meridian  is  to 
be  determined. 

The  compass  recommended  by  the  Committee  of  Enquiry  ap- 
pointed by  the  Admiralty  consists  of  four  compound  magnetic 
bars  secured  together  with  a  card  within  a  light  ring  of  brass;  the 
r;tnl  is  made  of  mica,  and  covered  with  thin  paper,  on  which  the 
impression  of  the  cardinal  points  is  printed  ;  the  caps  are  of  agate 
or  ruby,  and  the  points  of  suspension  of  native  alloy  ;  the  bowl  is 
made  of  copper. 


(74)  The  Inclination  conipui.- The  important  fact  that  a 
magnetised  needle,  when  allowed  perfect  freedom  of  motion,  en- 
deavoTire  to  place  itself  in  the  plane  of  the  magnetic  meridian  in  a 
direction  more  or  less  inclined  to  the  horizon,  was  discovered  about 
the  year  1756  by  Robert  Norman,  an  optician  of  London,  but  many 
years  elapsed  before  it  was  known  that  this  inclination  of  the 
needle  was  subject  to  n  variation.  This  interesting  fact  has,  how- 
ever, been  well  ascertained,  and  instruments  called  dipping  W 
have  been  constructed,  with  a  view  of  ascertaining  the  amount  of 
the  inclination  in  different  places  at  the  same  time  ;  or  in  the  same 
place  at  different  timcH;  but  it  was  not  until  the  latter  end  of  the 
last  century  that  sufficient  accuracy  could  be  carried  into  their 
construction  to  render  them  fully  competent  to  the  delicate  task 
they  were  intended  to  perform. 

A  simple  form  of  dipping  needle  is  shown  in  Fig.  106,  It  consists  of  a 
brass,  plate  supported  on  a  ilnt  stand  by  three 
screws-,  on  this  plate  is  placed  a  spirit-level 
for  adjusting  the  plote  horizontally ;  a  stout 
hollow  brass  pillar  risinp  from  the  centre  of 
the  plate  carries  a  circular  box,  forming  the 
caBe  of  the  dipping;  needle,  which  turns  freely 
on  two  finely  polished  planes  of  agate. 

It    is  very   rarely,    however,  that  a 
needle  can  be  so  nicely  balanced  as  to 
give  the  exact  dip  at  a  single  observa- 
tion.    The  usual  mode   of  proceeding 
is,  therefore,  as  follows  : — Having  taken 
eight  or  ten  observations,  turn  the  needle 
completely  round,    viz.    if  in    the   first 
instance  the  face  was  towards  E.,  turn 
it  now  to  W. ;  if  it  was  before  W.,  turn  it  to  E. ;  this  ia  very 
easily  effected  by  the  graduations  on  the  lower  limb  of  the  in- 
strument.    Let  the  same  number  of  observations  be  again  taken, 
may  not  agree  precisely  with  the  first  in  consequence  of  some 
defects  in  the  construction  of  the  instrument ;  let,  however,  the 
in  ran  in  both  cases  be  preserved  by  dividing  the  sum  of  each 
of  observations  by  the  number  of  them.     The  needle  ib  now  to 
be  removed  from  the  box,  and  its  poles  inverted  by  any  of  the 
usual  methods  of  magnetising,  so  that  when  replaced  on  its  axis, 
that  end  which  was  before  below  the  horizon  will  now  be  above 
it,  and  if  the  needle  be  correctly  balanced,  by  exactly  the  same 
ijiinntity;  but  if  not,  as  is  most  likely  to  happen,  two  other  means 
must  he  got  as  before,  and  the  general  mean  of  the  four  will  be 
dearly  or  exactly  the  true  dip. 
;  1    The    Variation    Compass.  —  This    instrument    being 
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intended  for  measuring  small  changes  in  the  declination  of  the 
magnetic  needle,  either  annual  or  diurnal,  is  more  limited  in  its 
arc  of  vibration,  and  is  generally  longer  than  the  needle  used  for 
common  purposes;  it  ia  also  furnished  with  conveniences  for 
reading  closer  than  the  ordinary  compasB.  The  needles  intended 
for  tliis  purpose  are  usually  constructed  in  a  particular  manner, 
having  only  a  very  small  part  of  the  circle  graduated,  and  the 
means  of  distinguishing  email  changes  better  suited  to  the  eye  than 
they  generally  are  in  common  horizontal  needles.  The  place  in 
which  the  instrument  ia  fixed  is  required  to  be  particularly  firm 
and  steady,  and,  in  short,  every  precaution  is  necessary  to  he  had 
recourse  to  in  order  to  avoid  small  irregularities,  because  the 
changes  to  be  obserred  are  themselves  so  small  that  without  the 
greatest  accuracy  they  may  be  either  overlooked,  or  the  irregulari- 
tiee  of  the  instrument  may  so  combine  them,  that  every  attempt  to 
deduce  laws  from  them  would  be  unavailing. 

(76)  The  Declination  Mag-net. — This  instrument,  for  deter- 
mining the  direction  of  the  needle  and  its  variations,  consists  of  a 
prismatic  magnetic  bar  suspended  by  untwisted  threads  of  raw 
silk.  To  the  south  or  north  end  of  the  bar  a  plane  mirror  is  fixed, 
and  it  is  enclosed  in  a  wooden  cylindrical  box,  which,  besides  the 
small  aperture  in  the  lid  for  the  passage  of  the  thread,  has  a  larger 
one  in  the  side,  which  is  rather  higher  and  wider  than  the  mirror. 
Opposite  the  mirror  a  theodolite  is  placed,  the  vertical  axis  of  which 
is  in  the  same  magnetic  meridian  with  the  line  of  suspension,  and 
at  a  distance  from  it  of  about  1 6  Parisian  feet.  To  the  stand  of  the 
theodolite  is  fixed  a  horizontal  scale  of  4.  feet  in  length,  divided 
into  single  millimetres ;  it  makes  a  right  angle  with  the  magnetic 
meridian.  That  point  of  the  scale  which  is  situated  in  the  same 
vertical  plane  with  the  optical  axis  of  the  telescope,  and  which 
may  be  called  the  zero  point,  is  marked  out  by  a  tine  thread  of 
gold  depending  from  the  middle  of  the  object  glass,  and  ehu 
with  a  weight.  The  scale  is  fixed  at  such  a  height  that  the  image 
of  a  portion  of  it  is  seen  in  the  mirror  through  the  telescope,  (lie 
eye  glass  of  which  is  adjusted  accordingly.  At  the  opposite  side 
of  the  needle,  in  the  same  vertical  plane,  and  at  a  distance  from 
the  telescope  equal  to  that  of  the  image,  a  mark  is  fixed  serving 
(■very  instant  to  ascertain  the  unchanged  position  of  the  theodolite. 
It  is  obvious  that  if  all  these  conditions  be  fulfilled,  the  image  on 
the  zero  point  of  the  ec&lc  will  appear  exactly  on  the  optical  axis 
of  the  telescope,  and  that  so  fur  as  an  object  of  known  azimuth  is 
visible  at  the  place  of  the  theodolite,  we  may  by  means  of  this 
instrument  immediately  find  the  absolute  magnetic  declination.  If, 
on  the  other  hand,  these  conditions  are  only  partialVj  Wtf\&e&, 
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then  generally  speaking  the  image  not  of  the  zero-point  but  that 
of  another  point  of  the  Bcale,  will  appear  on  the  optical  axis  ;  and 
if  the  horizontal  distance  of  the  scale  from,  the  mirror  has  been 
nil  !us lire d  with  exactness,  it  will  be  easy  to  reduce  the  amount  of 
the  divisions  of  the  scale  to  the  corresponding  angle,  and  thus  to 
correct  the  result  first  obtained.  By  turning  the  needle  in  the 
stirrup,  so  that  the  upper  surface  becomes  the  lower,  the  amount 
of  the  error  of  collimation  of  the  mirror  may  be  ascertained  with 
great  ease  and  precision.  By  this  mode  of  operating,  the  direction 
of  the  needle  and  its  variations  are  determined  with  great 
cision. 

{77)  The  Variation  of  the  Needle. —  Measures  of  the 
variation  of  the  magnetic  needle  have  been  taken  by  travellers  and 
navigators  in  all  parts  of  the  globe.  In  some  places  the  magnetic 
and  terrestrial  meridians  exactly  correspond ;  in  these  situations 
the  needle  points  to  the  true  north  and  south,  hut  in  most  parte 
of  the  earth's  surface  its  direction  deviates  sometimes  to  the  E.  and 
sometimes  to  the  W.  Hansteen  makes  the  western  line  of  no  vari- 
ation, 61  that  which  passes  through  all  the  places  on  the  globe 
where  the  needle  points  to  the  true  N,,  to  begin  in  latitude  6o°  to 
the  W.  of  Hudson's  Bay,  proceeding  in  a  SE.  direction  through 
the  North  American  Lake,  passing  the  Antilles  and  Cape  St. 
Roque  till  it  reaches  the  South  Atlantic  Ocean,  where  it  cute  the 
meridian  of  Greenwich  at  about  650  of  S.  latitude.  This  line  of 
no  variation  is  extremely  regular,  being  almost  straight  till  it  bends 
round  the  eastern  part  of  South  America,  a  little  S.  of  the  equator. 
On  the  other  hand,  his  chart  shows  that  the  eastern  line  of  no  varia- 
tion in  extremely  irregular,  being  full  of  loops  and  inflexions  of  the 
most  extraordinary  kind,  indicating  the  action  of  local  magnetic 
forces.  It  begins  in  latitude  6oc  S.,  below  New  Holland,  crosses 
that  immense  island  through  its  centre,  extends  through  the  Indian 
Archipelago  with  a  double  sinuosity,  so  m*  to  cross  the  equator 
three  times  ;  first  passing  N.  of  it  to  the  E.  of  Borneo,  and  then 
t  racing  it  again  beneath  Ceylon,  from  which  it  passes  to  the  E. 
through  the  Yellow  Sea,  It  then  stretches  along  the  coast  of 
China,  making  a  semicircular  sweep  to  the  W.  till  it  reaches  the 
latitude  700,  where  it  descends  again  to  the  S.,  and  returns  north- 
ward with  a  great  semicircular  bend  which  terminates  in  the  White 
Sea.     These  lines  of  no  variation  are  called  at/oitic  tines* 

In  1833  Professor  Barlow  constructed  a  new  variation  chart,  in 
which  he  inserted  the  magnetic  observations  of  Commander  Ross ; 
and  he  remarks  that  'the  very  spot  where  this  officer  found  the 
Beadle  perpendicular,  that  is,  the  pole  itself,  isprecisely  that  point 
in  air  globe  and  chart  in  which,  by  supposing  all  the  lines  to  meet, 
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le  several  curved  would  l»est  preserve  their  unity  of  character, 
both  separately  and  conjointly,  as  a  system.' 

The  following  lahle  exhibits  the  progressive  changes  in  the 
rariation  of  the  needle  which  have  taken  place  in  London  from 
1576  to  1831  : — 


Year. 
1576 

1580 
j  6m 
1634 

1 6  62  J' 
1666 

1670 
167s 

1700 
1710 
1740 

1760 

>774 
1778 
1790 
1800 
1806 
1S13 
i8iS 
1816 
iBu 
1813 
1831 


Observer. 
Norman 

Burroughs 
Hunter 
Gel  I  i  brand 


Variation. 

ii°  15'   E. 

11  17  >. 
6  la  n 
4      i      n 

No  variation, 
o     34  W. 


(Max.) 


Colonel  Beaufov 


»3 
16 

19 

22 
21 

»3 

H 
H 

24 

*4 
24 

24 


3° 

40 

o 

10 

3* 
zo 
II 

39 
36 
8 

20 
*7 
'7 
11 

9 


\Y. 


(MaxO 


si 

2 


From  this  tahle  it  appears  that  the  needle  began  to  have  a 
■westerly  variation  from  1662,  and  that  it  reached  its  maximum 
about  1815,  since  which  it  has  been  retrograding;  and  now  (1865) 
it  points  rather  more  than  21°  west  of  the  north. 

At  the  present  time  the  whole  of  Europe,  with  the  exception  of 
a  small  part  of  Russia,  has  a  W.  declination.  In  Eastern  Rus- 
sia, to  the  E.  of  the  mouth  of  the  Volga,  of  Saralow,  Jfishni- 

oTogorod,  and  Archangel,  the  easterly  declination  of  Asia  is 
advancing  towards  us.  There  are  particular  parts  of  the  earth's 
surface,  as  in  the  western  part  of  the  Antilles  and  in  Spitsbergen, 
where  the  mean  declination  of  the  needle  has  scarcely  undergone 
any  sensible  change  in  the  course  of  the  last  hundred  years.  Since 
1 660  the  compass  has  been  permanent  in  Jamaica. 

•The  whole  mass  of  West  India  property,*  remarks  Sir  John  Herschet 
(G>moi,  Subine'i  Translation,  vol.  i.  p.  410). '  has  been  saved  from  I  he  bot- 
tomless pit  of  endless  litigation  by  the  invariability  of  the  magnetic  declina- 
tion in  Jamaica  and  the  surrounding  archipelago,  as  during  the  whole  o.(V\\t 
last  centary  all  surveys  of  property  were  conducted  sole\v  \>v  t\ve  caav\n«? 
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(78)  Tne  inclination  of  tbe  Needle. — The  dip  of  the  mag- 
netics needle,  like  the  variation,  undergoes  a  continual  change, 
increasing  in  some  parts  of  the  world  and  diminishing  in  others. 
The  following  table  shows  the  changes  of  the  dip  at  London 
between  1720  and  1833  : — 
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74°  42" 

Graham    . 

76°  17' 
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71     is 
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1821 

70      3 
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1828 

69    47 

n            • 

69    43 

1830 

69    38 

11 

1833 



• 

69    21 

From  this  table  it  appears  that  the  magnetic  dip  reached  its 
maximum  in  London  in  1720.  From  observations  made  at  the  Kew 
Observatory  in  May  1863,  the  dip  was  68°  15',  so  that  during  the 
last  1+3  years  it  has  lost  6°  27',  being  at  the  rate  of  r'  7"  each 
year.      At   Toronto,    the  inclination   on   March    n,    18+7,  was 

75°  »*'. 

{79)  Periodic  Variations  or  trie    Magnetic  Needle. — (a) 

Annual  Variation. — The  horizontal  needle  is  subject  to  annua) 
variations,  depending  on  the  position  of  the  sun  in  reference  to  the 
equinoctial  and  solstitial  points,  and  to  horary  variations  corre- 
sponding to  changes  of  temperature  from  the  diurnal  rotations  of 
the  earth. 

Between  the  months  of  January  and  April  the  needle  re- 
cedes from  the  N.  pole  of  the  globe  so  that  its  western  declination 
increases. 

From  April  to  the  beginning  of  July,  that  is,  from  the  vernal 
equinox  to  the  summer  solstice,  the  declination  diminishes  or  the 
needle  approaches  tire  N.  pole  of  the  globe. 

From  the  summer  solstice  to  the  vernal  equinox,  the  needle 
receding  from  the  N.  pole  returns  to  the  W.,  so  that  in  October  it 
has  nearly  the  same  position  as  in  May ;  and  between  October  and 
March  the  western  motion  is  smaller  than  in  the  three  preceding 
months.  Hence  it  follows  that  during  the  three  months  between 
the  vernal  equinox  and  the  summer  solstice  the  needle  retrogrades 
towards  E,,  and  during  the  following  nine  montliB  its  general 
motion  is  towards  W. 

(b)  Daily  Changes  in  the  Variations. — This  was  first  observed  in 
*?34}  by  Mr.   Graham,  and  has  been  confirmed  with  the  most 
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accurate  instruments  ia  almost  every  part  of  the  world.  Sabine 
litis  arranged  and  presented  together  (Phil.  Tram.,  1851)  the  vari- 
ations which  the  declination  undergoes  at  every  hour  of  the  day 
at  the  four  colonial  observatories  established  by  the  British 
rnment;  viz.,  at  Toronto,  from  three  years'  observation;  at 
Hobarton,  from  five  years'  observation ;  at  the  Cape  of  Goad 
Hope,  from  rive  years'  observation  ;  and  at  St.  Helena,  from  three 
years'  observation.  The  range  of  variation  at  all  the  four  stations 
is  considerably  greater  during  the  hours  of  the  day  than  during 
those  of  the  night,  and  a  great  similarity,  though  not  a  perfect 
identity,  ia  observed  at  all  the  stations  in  the  relative  amount  of 
the  range  at  diti'erent  hours.  It  further  appears  that  the  amount 
does  not  progressively  enlarge  to  a  maximum  at  or  about  noon 
when  the  sun's  altitude  ia  greatest,  or  at  the  early  hours  of  the 
afternoon  when  the  temperature  ia  greatest,  but  that  at  all  the 
stations  the  increase  in  the  range  is  most  rapid  in  the  first  or  second 
hour  after  sunrise,  and  that  its  extent  at  the  hours  from  7  to  9,  A.M. 
is  not  exceeded  at  any  subsequent  hour  at  Hobarton,  the  Cape, 
ami  St.  Helena,  whilst  at  Toronto  the  great  enlargement  takes  place 
even  earlier,  the  houra  of  6,  7,  and  8  a.m.  being  exceeded  by  none, 
though  they  are  equalled  by  a  second  increase  at  noon  and  the 
t  Wo  following  hours.  The  second  enlargement  is  perceptible  at  the 
same  hour  at  Hobarton  and  St.  Helena. 

From  a  series  of  observations  taken  every  two  hours,  day  and 
night,  for  between  two  aud  three  years,  at  the  Dublin  Observatory, 
under  the  direction  of  Professor  Lloyd,  it  appears  thBt  the  mean 
daily  curve  of  the  changes  of  declination  for  the  entire  j"ear 
exhibits  a  small  easterly  movement  of  the  N.  end  of  the  magnet 
during  the  morning  hours,  which  reaches  its  maximum  about 
7  a.ji,  ;  after  that  hour  the  N,  end  moves  rapidly  W.}  and  reaches 
its  extreme  westerly  position  at  1  hr.  10  m.  p.m.  It  then  returns 
eastward,  but  less  rapidly,  the  easterly  deviation  becoming  a  maxi- 
mum about  10  p.m.,  the  mean  daily  range  being  equal  to  9'  8". 
lHiring  the  summer  months  the  morning  maximum  at  7  a.m.  is 
mure  marked ;  the  evening  maximum  on  the  contrary  disappears, 
there  being  a  slow  and  regular  movement  of  the  K«  end  to  the 
eastward  from  7  p.m.  until  7  a.m.  In  winter,  on  the  other  hand, 
the  evening  maximum  is  well  defined  and  the  morning  maximum 
disappears,  there  being  a  slow  and  regular  westerly  movement  until 
9  a.m.,  after  which  the  movement  becomes  more  rapid  in  the  same 
direction.  The  epoch  of  the  extreme  westerly  position  of  the 
mu^net  is  nearly  the  same  throughout  the  year.  The  greatest  daily 
change  in  summer  is  about  1  j'  7" ;  the  least  range  in  winter  about 
7'  2". 


A 


*34 


TEHItESTISlAL   MAGNETLSM. 


Wl 


]E 


(80)  The  Magnetic)  Equator. — This  is  an  irregular  lino 
crossing  the  terrestrial  equator  at  four  points,  as  shown  in  Fig.  107, 

where  the  black  line  W  £  is 

Pig,,  ]07,  intended  to  represent  the  real 

.M.__  equator,  and  the  dotted  line 

/  M  M  St  the  magnetic  equator, 

crossing   the   former  at  four 

points    instead    of  two,    and 

\        ^         showing  the  evident  existence 

of  some  great  disturbing  cause. 

*The    magnetic     equator,'    ob- 
serves M.  Duperrey    {Antialet  de 
"jjj  Chink,  1830),  will  meet  the  equi- 

noctial lint!  only  in  two  points 
which  are  diametrically  opposite, 
the  one  situated  in  the  Atlantic 
Ocean,  and  the  other  in  the  Great  Ocean  nearly  in  the  plane  of  the  meridian 
of  Paris.  When  this  equator  moots  only  some  scattered  islands,  it  recede* 
only  a  little  from  the  equinoctial  line;  when  the  islands  are  more  numerous,  it 
recedes  further;  and  it  reaches  its  maximum  deviation  in  both  hemispheres, 
only  in  the  two  great  continents  which  it  traverse*.  It  is  found,  also,  that 
between  the  northern  and  southern  halves  of  the  magnetic  equator  there  is 
a  symmetry  very  remarkable  and  much  more  perfect  than  had  previously 
been  believed. 

*The  dip  of  the  needle  increases  on  each  side  of  the  magnetic  equator;  and 
Hansteen  ha*  projected  lines  oi  equal  dip  in  his  chart.  These  lines  are 
nearly  parallel  to  the  magnetic  equator  till  we  reach  60°  north  latitude,  they 
then  begin  to  bend  round  the  American  magnetic  pole,  which  Sir  James 
Clark  Koss  found  to  be  situated  in  N.  latitude  700  5'  if,  and  in  W,  longitude 
060  45'  48",  the  needle  having  at  this  point,  in  Boothia  Felix,  lost  wholly  its 
directive  power,  and  the  dip  being  890  59'  within  one  minute  of  900  or  ver- 
tical. Had  we  inferred  the  position  of  the  needle  from  the  form  of  the 
magnetic  equator,  we  should  have  placed  it  in  35°  ol  \V.  longitude  ;  viz.,  the 
meridian  on  which  the  magnetic  equator  advances  farther  to  the  8.,  or  about 
JJ^0,  and  76^°  of  N.  latitude,  or  qo-ij4°.  This,  however,  as  all  Arctic 
observations  prove,  is  not  the  case,  and  we  are  led  by  the  phenomena  of  the 
dip,  as  well  as  by  those  of  the  variations  in  different  parts  of  the  globe,  to 
conclude  that  every  place  has  its  own  magnetic  axis,  with  its  own  pole,  and 
its  own  equator.' 

(81)  Terrestrial  Magnetic  Intensity. — If  a  needle  whose 
axis  of  suspension  passes  through  its  centre  of  gravity,  and  which 
has  its  N.  and  S.  polar  magnetism  equal  and  similarly  distributed, 
be  made  to  vibrate,  by  turning  it  from  its  position  and  allowing  it 
to  recover  that  position  by  a  series  of  oscillations,  it  is  evident 
that  the  magnetism  of  the  earth  will  act  with  equal  force  on  each 
half,  and  that  the  needle  will  be  drawn  into  the  magnetic  meri- 
dian by  the  combined  nction  of  both  forces.  The  greater  the 
magnetic  force,  the  mora  quickly  will  the  needle  oscillate  and 
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recover  its  primitive  position.  The  needle  ia  in  short  in  the  same 
i  ircumatancea  as  a  pendulum  oscillating  by  the  action  of  gravity  ; 
and,  ad  in  this  case,  the  forces  are  as  the  muni  of  the  number*  of 
oscillations  made  in  the  same  time. 

Suppose  a  dipping  needle  be  made  to  oscillate  in  the  plnne  of 
the  magnetic  meridian  round  the  line  of  dip,  and  that  when  an 
experiment  is  made  at  the  equator  the  number  of  oscillations  in  a 
second  is  24,  while  in  another  place  it  is  25  ;  then  the  intensity  of 
the  magnetic  force  at  these  places  is  as  1  j'J  to  24s,  or  as  625  to  576, 
or  as  i"o85  to  1 '000.  By  carrying  the  same  needle  to  different 
parts  of  the  earth,  the  magnetic  intensity  at  these  places  will  be 
found  from  the  number  of  oscillations,* 

The  magnetic  intensity,  like  the  variation  and  dip  of  the  needle, 
undergoes  diurnal  and  monthly  changes.  Hans  teen  found  that 
t  lie  iiiritiuiiini  of  daily  change  of  intensity  is  between  jo  and  1 1  a.m., 
and  the  maximum  between  4  and  7  p.m.  in  May,  and  about  7  p.m. 
in  June,  The  intensity  is  a  maximum  in  Tteceniher  and  a  minimum 
in  June.  The  greatest  monthly  change  in  the  intensity  ie  a  maxi- 
mum in  the  months  of  December  and  June,  about  the  time  when 
the  earth  is  in  its  perihelion  and  aphelion.  It  is  a  minimum  near 
the  equinoxes  or  when  the  earth  is  at  its  mean  distance  from 
the  sun.  The  greatest  daily  change  ia  least  in  the  winter  and 
greatest  in  the  summer.  The  greatest  difference  of  the  annual 
intensity  ia  0*0359.  Hansteen  likewise  found  that  the  magnetic 
intensity  is  diminishing  in  Europe,  and  that  the  decrease  is  greater 
in  the  northern  and  eastern  than  in  the  southern  and  western  parts, 
an  effect  which  he  conceives  to  he  produced  by  the  motion  of  the 
Siberian  pole  towards  the  E. 

From  the  researches  of  Sabine  and  others,  it  appears  that  there 
are  two  foci  or  points  of  maximum  force  in  each  hemisphere  round 
which  the  iw-dynuniie  lines  (lines  of  equal  magnetic  force)  circu- 
late in  an  mate  form  ;  these  foci  are  not  of  equal  force  in  either 
hemisphere;  the  focus  of  greater  intensity  in  the  northern  hemi- 
sphere \a  in  North  America,  in  the  vicinity  of  the  SW.  .shores  of 
IIiul-un"s  Bay,  in  5a0  19'  N.  latitude,  the  intensity  being  vti  ; 
the  weaker  force  is  in  the  north  of  Siberia,  about  1 200  of  east  lon- 
gitude from  Greenwich,  with  an  intensity  of  176.  The  principal 
uia.viinum  focus  in  the  southern  hemisphere  was  found  by  Sir 
James  Ross,  in  1840-3,  in  about  the  meridian  of  134?  E.,  end  a 
few  degrees  X.  of  the  Antarctic  circle,  while  the  weakernitixiniuiu, 
according  to  Sabine,  ia  about  1300  W.  The  ratio  of  the  magnetic 
ce  at  the  major  focus  in  North  America,  as  determined  by 

For  a  description  of  Harris's  'Magnetometer  of  Oscillations,'  see  Edinti. 
Phil.  Tram.  vol.  xlii.  pt.  i.,  and  Trant.  Royal  Soc.  1831. 
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Lefroy,  is  13*9,  at  the  minor  focus  in  Siberia,  from  the  observations 
of  Hansteen  and  Pur,  13*3  ;  at  St.  Helena,  which  is  the  weakest 
part  of  the  line  of  least  intensity,  its  value  is  6*4.  At  London 
at  the  present  time  the  magnetic  intensity  is  10*31.  The  unit  of 
force  in  this  scale  is  that  amount  of  magnetic  force  which  acting1 
on  the  unit  of  mass  through  the  unit  of  time  generates  in  it  the. 
unit  of  velocity,  and  the  units  are  taken  respectively  as  a  grain,  a 
trtcoad,  and  a  fool  British  measure. 

(8a)  magnetic  Storms.— This  term  was  applied  by  Hum- 
boldt to  certain  fitful  agitations  of  the  needle  which  he  was  the 
first  to  notice  at  Berlin  in  1806.  The  phenomenon  has  since  much 
engaged  the  attention  of  magneticians.  In  1 818  a  magnetic  storm, 
shown  by  a  violent  agitation  of  the  needle,  took  place  simultane- 
ously over  470  of  longitude;  and  on  the  25th  of  September,  i  841, 
one  of  these  storms  was  simultaneously  observed  at  Toronto,  at 
the  Cape  of  Good  Hope,  Prague  in  Europe,  and  Macao  in  China, 
and  there  is  reason  to  believe  that  it  extended  to  Van  Pieman's 
Land.  Similar  storms  have  happened  simultaneously  in  Sicily 
and  at  Upsala  in  Sweden. 

Magnetic  storms  are  always  accompanied  by  aurora  and  earth 
currents,  that  is,  currents  of  electricity  which  traverse  the  surface 
of  our  globe,  a  portion  of  which  is  caught  up  by  the  telegraphic 
wires,  frequently  occasioning  serious  disturbance  in  their  com- 
munications. 

It  is  the  opinion  of  magneticians  that  the  sun  is  the  agent  which 
causes  the  disturbances.  Professor  Schwabe  of  Dessau  has  now 
for  nearly  forty  years  been  watching  the  disc  of  the  sun  and  re- 
cording the  groups  of  spota  which  have  been  visible,  and  he  tinds 
that  these  have  a  period  of  maximum  nearly  every  ten  years,  two 
of  these  periods  being  the  years  184S-1 S  59.  Now  it  was  likewise 
found  by  General  Sabine  that  the  aggregate  value  of  magnetic 
disturbances  at  Toronto  attained  a  maximum  in  1848,  nor  was  he 
slow  to  remark  that  this  was  also  Schwabe's  period  of  maximum 
sun  spots,  and  it  was  afterwards  found  by  observations  made  at 
Kew  that  1859  (another  of  Schwabe's  years)  was  also  a  year  ul 
maximum  magnytic  disturbance.  'There  is  some  reason,'  observes 
Balfour  Stewart  {Pro.  Royal  lust.  vol.  iv.  parti,  p.  57),  'to  be- 
lieve that  on  one  occasion  our  luminary  was  caught  in  the  very 
act.  On  the  ist  of  September,  1859,  two  astronomers,  Messrs. 
Carrington  and  Hodgson,  were  independently  observing  the  sun's 
disc,  which  exhibited  at  that  time  a  very  bright  spot,  when  about 
a  quarter  past  eleven  they  noticed  a  very  bright  star  of  light  sud- 
denly break  out  over  the  spot  and  move  with  great  velocity  across 
the  sun's  surface.     On  Mr.  Cnrrington  referring  afterwards  to  Kew 
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Observatory,  at  which  place  the  position  of  the  magnet  is  recorded 
continuously  by  photography,  it  was  found  that  a  magnetic  dis- 
turbance had  broken  out  at  the  very  moment  when  this  singular 
appearance  had  been  observed.' 

With  respect  to  the  bond  which  connects  sun-spots  with  mag- 
netic disturbances,  no  conjecture  has  been  formed,  but  the  fact,  as 
Stewart  observes, '  is  eminently  suggestive,  and  brings  us  at  once 
into  the  presence  of  some  great  cosmical  bond  different  from  gravi- 
tation, adding,  at  the  same  time,  new  interest  and  mystery  to  these 
perplexing  phenomena.' 


PART  III. 

ELECTRO-PHYSIOLOGY. 


The  Discovery  of  Galvani— The  Discovery  of  Volta— The    Researches  of 
Mattcucci  and  Du  Bois  Reymond — Electric  Fishes — Electricity  of  Plants, 

(83)  TUe  Discovery  or  Galvani. — That  remarkable  form  of 

electricity  known  by  the  name  of  galvanism,  or  galvanic  rleetricitj  , 
is  said  to  owe  its  origin  to  an  accidental  edrcumst&uoe  connected 
with  some  experiments  on  animal  irritability  which  were  being 
carried  oh  by  M.  Galvoni,  a  professor  of  anatomy  at  Bologna,  in 
the  year  1790. 

*  It  may  he  proved,'  says  Arago,  '  that  the  immortal  discovery  of  the  Vol- 
taic pile  arose  in  the  most  immediate  and  direct  manner  from  a  slight  cold 
with  which  a  Bolognese  lady  was  attacked  in  > 790,  for  which  her  phy  1 
prescribed  the  use  of  frag  brotit.' 

'  When  one  of  Galvani'a  pupils,'  writes  the  author  of  the  article, '  Voltaic 
Electricity'  in  the Encych/nedia  Britamuca,  'was  using  anelectrical  machine, 
a  number  of  frOgl  were  lying  skinned  on  an  adjoining  table  for  the  purpose 
of  cookery.  The  machine  being  in  action,  the  young  man  happened  lo 
touch  with  a  scalpel  the  nerve  of  the  leg  of  one  of  the  frogs,  when  to  his  sur- 
prise the  leg  was  thrown  into  violent  convulsions,' 

*  A  person  acquainted  with  the  well  known  laws  of  induced  electricity,' 
writes  Dr.  Thomas  Young  {Lectures  on  2>'utura{  Philotophy'), '  might  easily 
have  foreseen  this  effect/ 

•Luckily  for  the  progress  of  science,'  observes  Dr.  Lardner  {Cabinet 
Cyclopedia),  'Galvani  was  more  of  an  a-atomist  than  an  electrician,  and  he 
beheld   with  sentiments  of  unmixed  wonder  the  manifestations  of  what  tie 

believed  to  be  a  new  principle  in  the  animal  economy Chance 

now  came  upon  the  stage.  In  the  course  of  his  researches,  he  had  00 
to  separate  the  legs,  thighs,  and  lower  parts  of  the  body  of  the  frog  from 
the  remainder,  bo  as  to  lay  bare  the  lumbar  nerves.  Having  the  member* 
of  several  frog3  thus  dissected,  he  passed  copper  hooka  through  part  of  the 
dorsal  column  which  remained  above  the  junction  of  the  thighs  for  the  con- 
venience of  hanging  them  up.  In  this  manner  he  happened  to  suspend 
■ovarii  upon  the  irou  balcony  in  front  of  his  laboratory,  when  to  his  inex- 
pressible astonishment  the  limbs  were  thrown  into  strong  convulsions.  So 
electrical  machine  was  now  present  to  exert  any  influence.' 

It  would  appear,  however,  from  documents  in  the  possession  of 
the  Institute  of  Bologna,  that  Gahnni  was  occupied  with  experi- 
ment on  the  contractions  of  the  muscles  of  frogs  at  least  twenty 
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sars  before  the  publication  of  his  famous  '  C'umuurita/y,'  and  that 
he  was  not  unacquainted  with  electricity  may  be  inferred  from  his 
suggestion  that  the  contraction  of  the  frog  may  be  explained  by 
the  '  return  shock/  and  to  hie  having  written  a  Latin  memoir  on 
electrical  light  in  air  of  different  densities ;  and  as  for  his  feeling 
surprised  on  observing  the  contraction  of  a  prepared  frog  when  a 
spark  from  anelectrical  machine  was  taken  to  it,  it  is  unfair  to  ques- 
tion his  electrical  knowledge  from  this  fact ;  any  other  philosopher, 
as  Matteucci  (PhenomenesEleetro-pliyeiologiquca  desAniman.r >  j  ustly 
observes,  would  at  that  time  have  felt  surprised  on  witnessing"  the 
phenomenon  for  the  first  time. 

The  first  experiment  with  a  metallic  pre  is  described  in  the  third 
part  of  Galvani's  Commentary.  The  note  in  which  it  is  found 
registered  bears  date  Sept,  20,  1786,  and  contains,  in  Galvani's 
own  handwriting,  the  words  '  Experiments  on  the  Eketrh-ity  of 
Metal.-. ' 

The  primary  fact  of  the  contraction  of  the  frog  suspended  by  a 
topper  hook  from  an  iron  stem  in  the  neighbourhood  of  an  electrical 
machine  in  action,  was  studied  by  Galvani  with  great  care.  lie 
observed  that  the  contractions  took  place  when  the  extremities  of 
a  metallic  arc,  formed  of  two  different  metals  united  together, 
touched  at  one  point  the  nerves  and  at  the  other  thB  muaclea  of 
[he  frog.  In  two  parts  of  his  Commentary,  Galvani  insists  on  the 
idvantage  in  this  experiment  of  employing  a  metallic  arc  composed 

Fig.  108. 


of  two  different  metals  instead  of  one.  He  also  states  that  the 
contractions  may  be  obtained  by  uniting  with  a  metallic  arc  two 
capsules  tilled  with  water,  m  which  the  frog  is  bo  disposed  as  to 
have  its  lumbar  nerves  in  one  of  the  capsules  and  its  legs  in  the 
other,  as  shown  in  Fig.  10S. 

(84.)   Calvanl'tt   Tbeory   of  Animal   Electricity.  —  Galvani 
supposed  the  existence  of  an  animal  electricity  \  a  utrvou*  Hv.\<L 
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condensed  in  the  interior  of  the  muscle.  The  nerve,  according1  to 
liis  view,  was  only  the  conductor  of  the  discharge  of  the  two  ilr- 
triiities  contained  in  the  muscle;  and  in  one  part  of  his  Commen- 
tary he  expressly  says  (Mntteucci)  that  many  of  the  contractions 
obtained  with  the  metallic  sire  are  <hn-  t<>  ///.■  arc  itself.  To  explain  the 
lotion  of  tin-'  L-l-ctrh'tileunviil  in  producing  muaculai  contractioiUj 
Galvani  supposed  that  a  change  was  determined  in  parts  of  the  brain. 
(85)  Tbe  Gaivanoscopic  rrof. — To  exhibit  the  experiments 
with  the  frog's  legs  generally,  the  legs  of  the  frog  are  to  be  left 
attached  to  the  spine  by  the  crural  nerves  alone,  and  then  a  copper 

and  a  zinc  wire  being  either 
twisted  or  Eoldered  together  at 
one  end,  the  nerves  are  to  be 
touched  with  one  wire  while 
the  other  is  to  be  applied  to 
the  muscles  i>f  the  leg.  The 
arrangement  is  shown  in  Fig. 
109.  The  frog  is  prepared  for 
gaivanoscopic  experiments  in 
the  following  manner: — A 
living  animal  is  selected,  two- 
thirds  of  the  body  just  below 
the  front  paws  are  cut  off,  and  the  hind  legs  and  pelvis  with  a 
piece  of  the  spinal  cord  are  preserved  and  skinned  ;  then  by  intro- 

Fig.  llo. 


Fig.  109. 
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dueing  the  scissors  between  the  lumbar  nerves  and   the  pelvis, 
arid  cutting  the  latter  in  two  places,  we  obtain  the  frog  prepared 
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after  Galvams  plan.  It  Is  shown  in  Fig,  no.  In  order  to  employ 
the  frog  in  the  study  of  the  electric  current,  the  latter  musi  be 
passed  along  the  nervous  filaments  alone  of  the  frog.  For  this 
purpose  the  frog,  prepared,  as  in  Fig.  no,  is  cut  in  half,  the  bone 
and  muscles  of  the  thigh  are  removed,  preserving  its  nerve  un- 
touched. In  this  manner  we  obtain  a  frog's  leg  to  which  is  attached 
a  long  nervous  filament,  composed  of  the  lumbar  portions  of  the 
pelvis  Bid  tli  ■  arilral  portion  of  the  thigh.  We  have  only  to  intro- 
duce thiB  leg  into  a  tube  of  varnished  glass  to  obtain  an  instrument 
very  sensible  to  the  passage  of  an  electrical  current.  It  is  shown 
in  Fig.  j 1 1. 

Fig.  nr. 


To  employ  this  kind  of  galvanoscope  the  glass  tube  i*  taken  by 
the  end  opposite  to  that  into  which  the  leg  of  the  frog  has  b<i  n 
introduced,  and  the  nervous  filament  which  is  hanging  outside  the 
tube  is  made  to  touch  the  two  points  of  the  electromotive  element 
that  we  desire  to  study.  When  the  nervous  filament  is  traversed  by 
an  electric  current,  the  leg  is  seen  instantly  to  contract  Two  pieces 
of  moistened  paper  may  be  placed  on  the  two  points  of  the  electro- 
motive element  to  avoid  any  irritation  of  the  nerve  by  direct  contact. 

(86)  The  Discovery  of  Volta.—  The  first  philosopher  who 
repeated  the  experiments  of  Galvani  was  the  celebrated  Volta. 
Having  verified  the  sensibility  of  the  frog  to  electrical  discharge, 
je  applied  himself  to  the  experiments  with  the  metallic  are- ; 
lie  ascertained  that  the  contractions  ensued  simply  on  touching 
with  the  extremities  of  the  metallic  arc  two  points  of  the  nervous 
{laments;  he  discovered  that  it  was  possible  with  the  metallic,  arc 

produce  sometimes  the  sensation  of  light,  sometimes  that  of 
taste,  by  applying  it  to  the  nerves  of  the  eye  or  tongue ;  and  from 
all  his  experiments  he  drew  the  conclusion  that  the  muscular  con- 
tractions were  produced  by  the  irritation  of  the  nerves  ;  that  this 
irritation  may  produce  sometimes  sensations,  sometimes  contract  inns; 
and  that,  lastly,  this  irritation  by  the  metallic  arc  was  occasioned 

the  electric  current  developed  by  that  arc. 

Volta  imagined  that  by  the  contact  of  any  two  lu-teiogriieuug  con- 
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iliietors,  an  action  is  developed  by  which  the  two  bodies  become 
charged  with  contrary  electricities  which  may  discharge  themselves 
across  a  third  not  possessing  the  MOM  action  m  the  other  two. 

When  it  was  objected  to  this  hvppthesis  that  a  hotnogeneowt 
metallic  arc  was  sufficient  to  cause  contractions  in  the  frog,  Yoltn 
replied  that  very  small  differences  in  the  extremities  of  the  arc 
were  sufficient  to  produce  an  electric  current,  and.  that  a  very 
fpeble  current  may  irritate  the  nerve  of  a  frog  sufficiently  to  excite 
contractions.  Thus  he  found  that  when  one  extremity  of  a 
metallic  arc  was  heated  and  the  other  not,  when  one  end  was 
polished  aud  the  other  not,  sufficient  luieroijenciUj  was  occasioned 
to  excite  a  current.  In  vain  did  Galvani,  Humboldt,  Aldini,  and 
others,  oppose  to  Volta  the  fact  that  without  any  metallic  arc  the 
frog  may  be  made  to  contract,  viz.  by  simply  bending  back  the 
limb  ami  bringing  it  into  contact  with  the  lumbar  nerves ;  Volta 
replied  that  it  was  only  to  generalise  his  theory  of  electromotive 
farce  ;  that  it  was  only  necessary  to  say  that  the  nerves  and  muscles 
of  tho  frog  act  as  the  two  metals  of  the  arc,  in  order  to  explain  the 
facts  submitted  by  the  partisans  of  Galvani. 

Up  to  this  time  the  development  of  electricity  by  the  contact  of 
heterogeneous  metals  was  only  a  hypothesis  of  Volte's.  It  was  in 
the  month  of  August,  17^6,  that  he  obtained,  by  means  of  the 
condenser,  the  first  signs  of  electricity  developed  by  the  contact  of 
two  metals,  and  thus  laid  the  foundation  of  bis  immortal  discovery 
of  the  pile.  The  influence  of  this  discovery  over  nearly  all  the 
sciences,  and  the  rapidity  with  which  it  spread,  caused  all  opposi- 
tion on  the  prtrt  of  Galvani  to  fall  into  oblivion,  and  for  fifty  years 
no  one,  save  in  a  historical  work,  ventured  to  make  any  mention 
of  animal  electricity. 

(87)  Matteuccl's  Seiearohei  1  The  Muscular  Electric 
Current. — Proof  of  the  existence  of  an  electric  current  circulating 
through  the  muscles  of  a  living  animal  is  obtained  by  introducing 
into  a  wound  formed  in  a  muscle,  the  nerve  of  a  prepared  frog  in 
such  a  manner  that  the  extremity  of  the  nerve  shall  touch  the 
bottom  of  the  wound,  and  another  part  the  edge,  the  frog's  leg 
instantly  contracts.  The  muscular  current  may  be  detected  in 
animals  Borne  time  after  death,  but  when  it  haB  once  ceased  it  cannot 
ftggibi  be  renewed.  It  is  found  in  warm  as  well  as  in  cold  blocded 
animals. 

Mattencci  constructed  a  muscular  pile  with  which  he  succeeded 
in  giving  considerable  deflection  to  the  needle  of  the  galvanometer. 
It  was  formed  thus.  Five  or  six  frogs  were  prepared  and  cut  in 
half  after  Galvani's  plan,  great  care  being  taken  not  to  injure  the 
muscle.     The  thighs  were  then  cut  in  half,  and  so  disposed  that 


each  half  thigh  should  touch  the  following-,  the  faces  of  each  turn- 
ing1 the  same  way,  and  the  interior  of  one  coming  into  contact  with 
the  exterior  of  the  next ;  so  that  one  of  the  extremities  of  the  pile 
was  formed  of  the  interior  of  the  muscle  while  the  other  extremity 
was  formed  of  the  surface,  On  completing  the  circuit  through  the 
galvanometer,  a  deviation  of  the  needle  was  ohtained  amounting 
to  1 5°,  20°,  300,  4.00,  6o°,  according  to  the  number  of  half  thighs ; 
if  iln-  frogs  were  sufficiently  active,  a  deviation  of  z°  and  40  was 
obtained  with  two  elements ;  of  6°  or  8°  with  four  elements ;  of 
1  o°  or  1 1°  with  six  elements,  and  so  on,  the  direction  of  the  cur- 
rent being  from  the  interior  of  the  muscle  to  the  surface, 

Similar  experiments  were  made  with  slices  cut  from  eels, 
tenches,  and  other  fish ;  piles  were  also  built  up  with  slices  of 
muscle  cut  from  pigeons,  chicken,  oxen,  sheep,  &c.}  and  ample 
evidence  was  obtained  to  prove  that  whenever  the  interior  of  the 
muscle  of  a  recently  killed  animal  is  brought  into  conducting  con- 
tact with  the  surface,  an  electrical  current  is  established  from  the 
interior  to  the  surface,  the  intensity  varying  with  the  animal,  and 
LQCTQBsing  in  proportion  to  the  number  of  elements  of  which  the 
pile  is  composed.  It  appears  also  from  Matteucci's  experiments., 
that  the  lower  the  animal  in  the  scale  of  creation,  the  greater  is 
the  intensity  and  the  longer  the  duration  of  the  muscular  current; 
thus  from  three  piles,  each  of  eight  elements,  one  formed  of  muscle 
of  rabbit,  the  second  of  muscle  of  pigeon,  and  the  third  of  muscle 
of  frogs,  deviations  of  the  galvanometer  needle  of  8°,  14°,  and  aa° 
were  obtained.  One  hour  after  all  signs  of  an  electric  current  had 
disappeared  from  the  rabbit  pile,  a  deviation  of  a°  or  30  was  ob- 
tained from  the  pigeon  pile,  and  one  of  8°  or  100  from  thsjro;/ 
pile  ;  and  even  after  the  lapse  of  *+  hours,  a  deviation  of  x"  or  3° 
was  obtained  from  the  latter. 

The  muscular  pile  acts  equally  well  in  atmospheric  air,  in  oxygen, 
in  highly  rarefied  air,  in  curbunic  acid,  ami  in  hydrogen  ;  in  tin- 
latter  gas  the  needle  of  the  galvanometer  remains  stationary'  for 
several  bom's.  #This  nullity  of  the  action  of  the  different  gases  is 
considered  by  Matteucci  to  prove  that  the  origin  of  the  current  is 
in  the  muscle  itself ';  and  that  it  is  to  the  organisation  of  the  muscle 
and  to  the  chemical  actions  going  on  within  its  very  structure  that 
the  current  depends,  he  considers  to  be  demonstrated  by  the  fact 
that  piles  built  up  of  Jibrine  separated  from  the  blood  of  recently 
killed  animal?,  produce  no  action  on  the  galvanometer,  and  do  not 
a  I  fret  the  galvanoseopic  frog. 

If  a  prepared  frog  be  placed,  as  shown  in  Fig.  108,  with  its 
lumbar  nerves  plunged  into  one  capsule  filled  with  water,  and 
frith  its  legs  placed  in  another,  the  circuit  being  completed  through 


144 


ELECTRO-PIITSIOLOGY. 


Fig-,  in. 
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the  galvanometer,  tlie  instrument  give*  evidence  of  an  electrical 

current  passing  from  the  JVr-t  in  wauls  tin-  head  of  the  animal.  The 
effect  is  increased  when  several  frogs  are 
arranged  on  an  insulated  surface  in  the 
manner  shown  in  Fig.  j  i  z,  the  nerve  of 
each  frog  touching  the  legs  of  the  fol- 
lowing. Every  time  the  circuit  is  com- 
pleted the  needle  of  the  galvanometer 
moves  and  the  limbs  of  the  frogs  con- 
tract. Mattencci  has  obtained  signs  of 
trillion  ut  tin-  two  extremities  of  his  mus- 
cular piles ;  by  the  aid  of  the  condenser 
he  has  also  obtained  electro-chemical 
decomposition  by  the  current  {Comptes- 
Iiemhts,  April  14,  1845). 

If  the  spinal  cord  of  a  prepared  frog 
be  brought  into  contact  with  the  muscles 
of  (be  thigh,  Doatzactioa  takes  place. 
By  employing  a  galvanometer,  and 
touching  with  one  pole  the  leg,  and  with 
the  other  the  thigh,  Matteucci  obtained 
indications  of  a  current  directed  from 
the  leg  to  the  thigh  and  from  that  by 
the  nerve  to  the  other  thigh. 

The  general  conclusions  deduced  by 
Matteucci  from  a  long  course  of  experi- 
ments are  — 

1.  That  the  complete  electro-molive  element 
of  the  current  of  the  frog  is  formed  by  one 
<>f  its  limbs,  that  is  to  say,  of  a  leg,  a  thigh, 

its  spinal  nerve,  and  a  piece  of  the  spine. 
a.  That  through  each  of  the  limbs  of  a  frog  there  circulates  the  current  of 

the  other  limb,  whenever  the  two  legs  are  made  to  touch. 

3.  That  in  experiments  with  the  galvanometer  we  only  get  lb  rough  the 

wire  of  the  instrument!  the  current  which  results  from  the  sum  of  thoBe  two 

portions  of  the  current  of  the  two  limbs  which  do  not  discharge  from  limb 

to  limb. 

Then  as  to  the  parts  of  the  frog  which  are  necessary  for  the 
production  of  what  Matteucci  calls  the  current  proper,  and  to  the 
cirvunistanees  anatomical  and  physiological  according  to  which  its 
intensity  varies,  his  experiments  lead  liim  to  the  following  con- 
clusions : — 

1.  That  the  current  proper  of  the  frog  persists  in  its  intensity  and  direct  inn 
without  the  spinal  cord,  or  the  spinel  and  crural  nerves,  ami  even  when  the 
animal  is  deprived  of  ail  the  visible  nervous  filaments  of  the  muscular  mas* 
of  the  thigh. 
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That  the  electromotive  element  of  this  current  is  confined  to  the  lunacies 
'  the  leg  and  of  the  thigh  organically  united. 

3.  When  there  is  left  in  the  piepared  frog  the  spinal  cord,  it.s  nerves,  and 
icir  ramifications  through  tlio  muscles,  these  nervous  parts  act  in  the  pro- 
duction of  the  current  in  the.  same  manner  as  the  muscular  substance  of  tin- 
thigh. 

(88)  Da  Bote   Beymonds  Researches. — According  to  Du 
Bois  l'cyiiiriinl   (Ann.  <kr   P/n/niek  und  Chemie,  Bd.  lviii.),  elec- 
trical currents  ia  all  respects  similar  to  the  so-called  frog  current 
may  be  observed  in  the    limb   of  any  animal,   ■whether  cold  or 
11  blooded ;  these  currents  in  some  limbs  are  directed  upwards, 
as  in  the  frog's  leg  ;   in  nther.*  tliev  arc  directed  downwards;  they 
arc  of  different  intensities  in  different  limbs ;  but  their  intensity 
and  direction  are   always  the  same  ia  the  game  limb  of  different 
ldividuals  of  the  same  species. 
The  electromotive  action  on  which  these  currents  depend  does 
Dt,  according  to  l>u  Bois  Keymond,  arise  from    the  contact  of 
n  igeneoua  tissues,  as  Volta  supposed,  for  the  different  tissues, 
the  nerves,  muscles,  and  tendons,  are  in  an  electrical  point  of  vit-kv 
quite  homogrneous,  lint  they  are  produced  by  the  muscles. 

If  the  undissected  muscle  of  any  aniaial  be  brought  into  the  r-ii  - 

*  longitudinally,  it  generally  exhibits  an  electromotive  action, 

tin1  direction  of  which  depends  on  the  position  of  the  muscle  oa 

■the  ends  of  the  galvanometer  circuit. 
Ity  hmrjitiitliiud  teetxon  of  a  muBcle,  Dn  Bois  Reymond  under- 
stands a  surface  formed  only  by  the  sides  of  the  fibres  of  the 
muscles  considered  as  prisms.  Ry  Iremmrr.'ic  section  of  the  muscle, 
he  understands  a  surface  formed  by  the  bane  of  the  fibres  of  the 
muscles  again  considered  as  prisms.     Both  the  transverse  and  the 

longitudinal  section  may  be  either  artificial  or  natural  ones.     Thus, 
in  Fig,  113,  a  section  through  a  b  would  be  an  artificial  trau 
one,  and  a  section  through  c  d  an  artificial  longitudinal  ooq. 
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feurtwss  section  is  at  each  end  of  thft  muscle  formed 
by  the  ends  of  all  the  fibres,  and  hidden  beneath  a  coating-  of 
tendinous  tissue,  which  is  in  rnurieelion  with  the  tendon  itself 
and,  in  an  electrical  paint  of  \ii'w.  plays  the  part  of  jm  indifferent 
conducting  body  <c,f,  //,  h  in  the  figure}.  The  natural  ton^itudkuU 
ion  nf  the  muscle  13  that  part  of  it?  externa]  surface  which 
extends  from  one  natural  transverM  section  to  the  other,  b 
free  from  the  tendinous  coating,  and  exhibiting  the  red  colour 
peculiar  1>»  muse  ,  r,  </  in  the  Ogive). 

The  law  of  the  muscular  current  may  be  shortly  expressed  as 
follows : 

Any  point  of  the  natural  or  artificial  longitudinal  section  of  the  mnsc-le 
js  positive  in  relation  to  ntiy  point  of  the  natural  or  artificial  transverse 
section. 

It  is  easy,  therefore]  to  understand  why  the  muscular  current 
in  one  instance  appears  to  be  an  upward  and  in  another  a  down- 
ward one,  aocordbig  u  Jibe  under  ox  the  upper  of  the  two  trmun 
sections  is  made  to  touch  one  of  the  ends  of  the  galvanometer  wire. 
while  the  other  end  is  applied  to  the  longitudinal  section  of  toe 
muscle.  Again,  according  to  this  law,  every  i 
however  minute,  ought  to  produce  a  current  in  the  same  manner 
as  the  whole  muscle,  or  as  a  larger  piece  of  it.     This  consequence 

Fig.  114. 
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+  + 

IS  true,  even  as  regards  shreds  of  muscle  consisting  of  only  a  few 
primary  fibres.  Kg,  1 1+  represents  the  simplest  case  of  the  mus- 
cular current  observed  by  Du  Bois  Raymond,  the  primary  fibres 
being  magnified 

The  nerves,  according  to  Du  Bois  Beymond's  observations,  are 
possessed  of  an  electromotive  power  which  acts  according  to  the 
same  law  as  the  muscles.  Whilst  still  in  orgnnic  connection  with 
the  muscles,  and  forming  part  of  a  circuit  in  which  the  muscles 
give  rise  to  a  current,  the  nerves  simply  play  the  part  of  an  in- 
nctivi'  conductor j  provided  their  own  current  he  prevented  from 
lag  tin-  circuit. 

In  these  delicate  investigations  it  is  necessary  to  guard  against 
errors  which  might  be  introduced  by  the  chemical  action  of  the 
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Bfllinfl  solutions  on  the  Jiniiu.il  fluids,     llatteucci  employed  as  the 

iniils  df  his  galvanometer,  plates  of  amalgamated  y.inr  phmged 
into  ri  neutral  aud  saturated  solution  of  sulphate  of*  zinc,  a  liquid 
which,  whilst  It  is  an  excellent  conductor,  does  not  not  chemically 
mi  animal  tissue,  11  u.  Bote  Reymond'g  plan  consisted  in  laying 
the  muscle  or  nerve  to  be  experimented  upon  between  two  pads 

ius'.-U  of  numerous  layen  01  thin  liltrring  paper  saturated  with 

the  saline  solution,  and  laid  OTer  the  edges  of  the  vessel  in  which 

the  platinum  terminals  of  the  galvanometer  were  immersed,  the 

uaJ  substance  not,  however,  being  in  direct  contact  with  the 

itened  paper,  but  separated  from  it  by  a  small  piece  of  moistened 
bladder  soaked  in  white  of  egg  ;  this  prevents  any  chemical  actio* 
between  the  saline  solution  and  the  animal  Htfids,  but  does  not 
stnp  tin'  current.  During  tin-  interval  between  the  experiments 
J  lie  two  pads  are  connected  by  a  third,  the  object  being  to  keep 
the  circuit  closed,  and  allow  any  polarisation  of  the  platinum 
plalee  that  may  have  taken  place,  bo  neutralise  itself. 

(89)  Physiological  Phenomena  produced  by  a  Muscle 
daring;  Contraction, — If  the  nervous  lilameut  itl l,i.-l:-  ■  I  to  the 
leg  of  a  prepared  frog  be  made  to  touch  the  thighs  of  mother  I'm/, 
both  insulated,  and  if  the  lumbar  nerves  of  (he  latter  be  touched. 
with  a  voltaic  pair,  contraction  takes  place  not  only  in  the  muscles 
of  the  frog  touched,  but  also  in  the  leg  of  the  utlier.  The  same 
thing  happens  if  the  lumbar  nerves,  be  irritated  with  a  pointed 
instrument,  contruclion  always  taking  place  in  the  second  frog, 
provided  the  contraction  in  the  muscles  of  the  first  be  sufficiently 
strong.     The  same  experiment  may  be  successfully  performed  with 

bhit.  Matteucd  found  that,  whan  the  nerve  of  a  prepared 
frog's  leg  was  laid  on  the  bared  muscle  of  the  thigh  of  a  living 
rabbit,  aud  the  latter  made  to  contract  by  a  pile,  contraction  was 
at  the  same  time  produced  in  the  leg  of  the  frog,  If  a  thin  plate 
of  an  insulating  substance  be  interposed  between  the  muscle  and 
tin-  nerve,  no  contractions  are  excited  in  the  second  frog,  but  they 
are  not  prevented  by  a  layer  of  thin  unsized  paper  :  the  phenoni 
cannot  therefore  he  attributed  to  any  mechanical  action  exercised 
mi  the  leg  by  its  nerves. 

Beequerel  supposed  that  at  the  instant  the  frog  contracta  there 
i-.  as  electrical  discharge  through  the  eternity  of  the  nerve  of 
the  Leg  when  this  extremity  ia  placed  on  the  muscle,  but  11  u  Bote 
Reymond  offered  another  explanation,  founded  on  the  following 
law  ; — 
■  Whoa  any  point  of  the:  longitudinal  section  of  a  nnisde  is  connected  by  a 

netor  with  any  point  of  itie  trmutmrta  section* an  electric  current  is 
established  which  ia  directed  in  the  muscle  from  the  transversa  to  the  longi- 
tudinal section ;  in  other  words,  the  real  seats  of  the  electromotive  arm in 
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are  not  only  the  separate  muscles  which  compose  iho  limbs  but  the  separate 
fibres  which  compose  those  muscles.' 

lithe  transverse  and  longitudinal  section  of  a  muscle  be  in  any 
way  connected  by  the  nerve  of  the  prepared  limb,  a  current  will 
proceed  through  the  said  nerve  from  the  hitter  section  hi  tin1 
former.  This  current  announces  itself  by  the  contraction  of  the 
muscle  of  the  prepared  limb  on  first  making  contact.  The  con- 
t  ructions  CMHfl  win  11  the  current  is  fairly  established  in  the  nerve, 
mid  on  breaking  the  circuit  they  are  again  observed.  But  it  i- 
not  on  the  closing  or  the  breaking  of  the  circuit  alone  that  the 
contractions  are  produced  ;  every  sudden  fluctuation  of  the  current 
1  ii  versing  the  nerve  is  accompanied  by  contractions.  Applying 
ih  in  to  the  observation  of  Matteucci,  we  find  that  the  current  of 
the  muscle  against  which  the  nerve  of  the  prepared  Embneta 
circulates  through  the  said  nerve.  "When  the  muscle  is  tetania  d. 
this  current  is  diminished  at  each  convulsive  effort,  and  its  fluctua- 
tions are  answered  by  corresponding  contractions  of  the  prepared 
limb.  In  reply  to  this,  Matteucci  denies  that  the  nerve  touches 
two  portions  of  the  muscle  in  the  manner  described  by  Du  Boll 
hVvmond,  but  the  Paris  academicians  seem  to  have  been  satisfied 
with  the  explanation,  for  they  came  to  (In1  division  that  the  above 
fundamental  fact  furnishes  a  direct  explanation  of  il 
traction  of  Matteucci. 

(90  |  Action  of  tlio  Electric  Current  on  the  Nerves  of  the 
Sense*. — The  electrical  current,  when  it  acts  on  the  nerves  of  the 
senses  only,  brings  into  play  the  special  action  appertaining  to  each 
of  these  nerves,  a  proof  that  the  electric  current  acts  merely  as  other 
stimulants. 

It  was  Volta  who  first  demonstrated  the  existence  of  a  sensation 
of  light  when  the  electric  cunent  traverses  any  point  of  the  optic 
nerve.  The  experiment  is  easily  made  by  touching  with  a  voltaic 
couple  the  eye  or  eyelid  and  the  tongue.  Whatever  may  be  the 
intensity  of  the  current,  it  is  only  the  sensation  of  light  that  is 
perceived.  If  we  reflect  that  this  sensation  may  be  produced  by 
a  very  feeble  current,  and  one  certainly  incapable  of  exciting  • 
muscular  contraction  sufficiently  strong  to  shake  the  eye,  it  must 
be  admitted  that  the  effect  is  really  to  he  ascribed  to  the  excitation 
of  the  optic  nerve.  An  analogous  phenomenon  is  produced  when 
the  current  is  made  to  act  on  the  auditory  nerves.  Volta,  on 
applying  the  two  poles  of  a  pile  to  his  two  ears,  experienced  a 
hmitirj  or  jerking  noise,  which  continued  all  the  time  the  circuit 
ined  closed.  According  to  Hitter,  the  .sensation  is  only  ex- 
enced  at  the  commencement  of  the  current,  and  the  noise  is 
sharper  at  the  negative  pole. 
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Again,  in  the  experiment  of  Suker,  a  taste  is  experienced  when 
the  tongiio  ia  traversed  by  an  electrical  current.  This  taste  ia  sourish 
when  a  plate  of  ElBU  is  placed  at  the  base  of  the  organ  and  a 
of  rilrer  on  the  surface,  the  two  plates  being  brought  into  contact ; 
by  reversing  the  position  of  the  plates  the  taste  becomes  alii  aline, 
but  this  feeble  intensity  current  cannot  be  supposed  to  decompose 
the  saltB  contained  ia  the  saliva.  A  similar  sensation  was  expe- 
rienced by  Volta  by  taking  in  his  hand  a  goblet  of  pewter  filled 
with  a  moderately  alkaline  solution,  and  bringing  the  ban-  of  the 
tongue  into  contact  with  the  liquid.  The  taste  was  war,  which 
excludes  the  idea  that  it  wna  occasioned  by  the  Contact  Of  the 
alkaline  liquor  with  the  tongue.  It  seems  evident,  therefore,  that 
the  taste  excited  by  the  electric  current  must  be  owing  to  the 
special  excitation  of  the  gustatory  narvas.  In  general,  then,  the 
of  a  current  acting  on  the  nerves  of  the  senses  is  to  awaken 
the  special  function  of  these  nerves. 

The  passage  of  an  electric  current  through  the  cardiac  and 
xplfirirliitiyitf  nerves  of  a  living  or  recently-killed  animal  increases 
or  arouses  the  motion  proper  of  the  heart  and  intestines,  but,  what 
is  very  remarkable,  the  phenomenon  due  to  the  passage  of  the 
current,  instead  of  commencing  at.  the  very  instant  thai  the  circuit 
is  closed,  only  begins  after  a  certain  time,  and  continues  for  some 
time  after  the  current  has  ceased.  It  must  not  be  forgotten  that 
all  other  stimulating  agents,  viz.,  alkalies,  mechanical  irritations, 
or  heat,  applied  to  the  ganglion  nerves,  act  in  the  same  limnn  1 
its  the  electrical  current. 

(91)  Production  of  an  Electric  Current  by  Mus- 
cular Contraction.— If  it  be  granted  that  the  muscular  cur- 
rent i-  developed  in  the  muscle  itself,  it  can  scarcely  be  doubted 
that  it  is  in  ft  state  of  circulation  during  the  life  of  the  animal. 
On  connecting  the  transverse  and  longitudinal  sections  of  a 
muscle,  an  electrical  current  appears;  but  such  a  connection  eorfste 
naturally  in  the  body,  and  hence  the  influence  that  such  Currents 
are  perpetually  present  is  a  fair  one,  the  current  indicated  by  the 
milometer  being  in  fact  but  one  of  the  branches  of  the  pre- 
■xi  ting  current.  l)u  Bois  Reymond  placed  a  live  frog  with  its 
two  legs  dipping  into  two  vessels  Jilled  with  salt  and  water,  and 
connected  with  either  extremity  of  a  galvanometer.  Now  it  was 
long  ago  shown  by  Nobili  that  a  current  exists  in  the  frog  directed 
from  the  foot  upwards,  but  in  the  present  case  there  are  two  such 
currents,  one  at  each  foot,  which  meet  at  the  junction  of  the  limbs 
annul  each  other,  and  consequently  produce  no  efi'ect  on  the  galra- 

numeter,  But  suppose  00 F  these  currents  to  he  enfeebled,  while 

the  other  retains  its  full  strength,  the  result  will  be  that   the 


excess  of  the  loiter  current  should  produce  a  deflection.  Dm  1  Iota 
Ileymond,  accordingly,  severed  tin?  itdnalia  nerve  of  one  of  the 
.  and  thus  deprived  the  limb  of  all  power  of  motion ;  he 
then  poisoned  it  with  strychnin — strong  convulsion*  followed  ;.  the 
uninjured  limb  contracted  violently,  its  mia.-eulir  eurrenl 
thereby  diminished,  and  the  current  of  the  other  limb  was  innne- 
diately  exhibited  by  the  galvanometer. 

Du  Bois  Reyni"i]>l  then  tried  the  experiment  on  himself.  ITu 
placed  the  lir.-t  Bnger  of  his  right  hand  in  one  vessel,  and  the 
corresponding  linger  of  the  left  hand  in  tlie  other;  but  in- 
stead of  cutting  his  nerves,  as  in  the  ease  of  the  trap,  he  suflered 
the  left  arm  to  remain  at  rest,  nnd,  oontractiog  the  other  forcibly , 
produced  a  deflection  of  the  needle;  when  the  Left  arm  was  COS" 
tracted,  and  the  right  one  suffered  to  remain  at  rest,,  the  needle 
was  deflected  in  the  opposite  direction.  The  current  nlwaya  pro- 
ceeded from  the  hand  of  the  'ddir ;  but 
remembering:  the  fact  that  it  is  the  exacts  of  the  current  of  the 
motionless  arm  which  is  here  observed,  the  i  is  thai  in 
the  norm;;:  the  arm  the  direction  of  the  current  is  J 
the  ahvtddrr  to  the  hand. 

(92)   Slectric  rislies. —  Tlw  Torpedo. — There  are  some  re  mark - 

ahleinstances  of  the  genera - 
"s-  tion  of  electricity  in  living1 

animals,  to  whom  the  power 
seems  principally  to  be 
as  a  means  of  defeuce.  I  H' 
these  animals  the  raw  tor- 
pedo appears  to  have  been 
noticed  at  a  very  early 
period,  since  we  find  a 
description  ofita  prop 
in  the  writings  of  Pliny, 
Appinn,  and  others.  It  in- 
habits the  Mediterranean 
and  North  Seas ;  its  weight, 
when  fully  grown,  is  about 
eighteen  or  twenty  pounds. 

I'il;.  115  is  a  representation 
of  a  female  torpedo,  this  skin  is 

having  been  Bayed  from  (be 

under  surface   of    the*   fiah    to 
show  the  ekctTkonjims  a.    The 
mouth,  having1  the  fnrm  of  a  crescent,  is  shown  atd|  the  branchial  aper- 
tures, five  in  number,  ot  e;  g  g  p  the  place  of  the  anterior  transverse  e.trii- 
Inges ;  A  A  the  exterior  margin  of  the  great  lateral  tin ;  i  its  inner  margin  on 


ELECTRIC   FISHES. 


151 


tlieconiificsoftbcelectricalur^aii ;!  1  he  abdomen  ;  vi  m  the  place  of  the  posterior 
1  artiluge  which  in  single,  United  with  the  spine,  and  sustains  the 
smaller  lateral  tins  u  «  un  f-ucli  si.le  ;  ...  is  the  anus,  nml  p  the  (in  of  the  tail. 
Each  electrirul  organ  is  about  5  indies  long  and  about  3  inchus  broad  at  the 
anterior  end  and  half  an  inch  at  the  .posterior  extremity.  Each  organ  con- 
sists wholly  of  perpendicular  columns  reaching  from  ilia  upper  to  the  under 
surface  of  the  body,  and  varying  in  their  lengths  according  to  the  thickness  of 
the  body  where  they  are  placed.  The  longest  column  ia  about  i.J 
inch,  the  shortest  about  i  of  an  inch,  and  their  diameter  about  A of  an  inch. 
The  figures  of  the  columns  are  irregular  hexaguns  or  pentagons,  and  sonie- 
timM  liave  the  appearance  Of  being  quadrangular  or  cylindrical,  Tlie  number 
of  columns  in  the  lish  examined  by  John  Hunter  was  470  in  each  organ ;  bui 
in  11  very  large  fish,  4J  feet  long  and  weighing  73  pounds,  the  number  was 
i,lSl  in  each  organ.  The  Dumber  of  partitions  in  a  column  one  inch  long 
was  150. 

Th<-  torpedo  must  be  irritated,  to  cause  it  to  give  a  shock,  in  the 
delivery  of  which  it  mores  its  pectoral  fins  convulsively;  the  shock 
is  felt  mi  touching  the  fish  with  a  single  finger,  and  it  can  gtvi-  a 
long  series  of  shocks  with  great  rapidity.  When  the  torpedo  is 
placed  011  11  metallic  plate,  so  that  the  plate  touches  the  inferior 
ace  of  the  organs,  the  hand  that  supports  the  plate  never  feels 
any  shock,  though  another  insulated  person  may  excite  the  nmmal 
nml  the  convulsive  movement  of  the  pectoral  tins  may  1le11.de  tin; 
strongest  and  most  reiterated  discharges;  direct  contact  with  the 
electrical  organs  of  the  Huh  is  indispensably  neooMary  for  the  re- 
ception  of  the  shock,  hut  the  torpedo  has  not  the  power  uf  direet- 
-  electrical  discharge  through  any  particular  object. 
By  parsing  the  discharge  from  a  torpedo  through  a  spiral  of 
apper  wire  em  eel  needle,  the  needle  becomes  magnetised 

in  .-itch  a  niminer  as  to  show  the  direction  of  the  current  to  be 
I  run    the   hark   to   the   under  part   of   the   belly.      Heating   and 
chemical  effects  have  likewise  been  obtained.     According  to  llir 
Alaiteucci — 1.  All  the  dorsal  parts  of  the  electrical 
organ  are  potittoo  to  all  the  irnfm/  parts,     i.  Those  points  ol   I  he 
organ  on  the  dorsal  face  which  are  above  the  nerves  which  pene- 
trate this  organ  fu&positive  relatively  to  other  points  of  the   Bums 
dorst]  face.     3.  Those  points  of  the  organ  on  the  ventral  face  are 
live  relatively  to  other  points  of  the  same  ventral  face. 
The  Gtfvututris. — This   electrical  fish   is  B  unlive  of  the  warmer 
wons  of  America  and  Africa.    There  are  several  species  of  the 
inotua,  but  only  one  is  electrical  In  geuernl  aspect,  it  very  much 
1— the  body  is  smooth,  and  without  scales  (a peculi- 
nrih  of  all  electrical  fashes).     The  electric  organs  consist  of  alterna- 
tions of  different  substances,  and  are  moat  abundantly  supplied  bj 
lerves ;  their  too  frequent  use  is  succeeded  by  debility  and  death. 
•  c trie  organs  may  be  removed  without  injury  to  the  fish. 
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Fig.  u6. 


Fig.  117. 


Fig.  it6  is  a  copy  of  Hunter's  engraving  of  tbe  gymnotus,  and  Fig,  117  is 
a  correct  representation  of  a  fine  specimen  which  was  for  some  time  in 
the  possession  of  the  proprietors  of  the  Royal  Polytechnic  Institution,  la 
Hunter's  engraving  the  skin  is 
removed  to  show  the  structure 
of  tbe  fish  ;  a  is  tbe  lower  sur- 
face of  the  head  ;  c  the  cavity 
of  tbe  belly;  6  the  anus;  e  the 
back  where  the  akin  remains; 
00  1  he  fin  along  tbe  lower  edge 
(rf  the  fish  ;  eeihe  lateral  mus- 
cles of  this  fin  removed  and 
laid  back  with  tbe  skin  to  ex- 
pose the  small  organs;  /  part 
of  tbe  muscle  left  in  its  place  ; 
J'f  t lie  Inrge  electrical  organ; 
h   h    the  small    electrical    or- 

gnwj  m  m  m  the  inbitaneo 

which  separates  the  two  or- 
gans; and  »  tbe  place  where 
the  substance  is  removed. 
These  OTgans  form  roof 
one-third  of  tbe  whole  fish. 
The  two  electrical  organs  are 
separated  at  tbe  upper  part  by 
the  muscles  of  the  back,  at  the 
lower  part  by  the  middle  par- 
tition* and  by  tbe  air-bag  at 
the  middle  part. 

The  electrical  organs  consist 
of  two  parts,  viz.,  flat  pai 
or  sepia,  and  thin  plates  or 
membranes  intersecting  them 
transversely.  The  septa  an-  thin 
parallel  membranes  stretching 
in  tbe  direction  of  the  fish's 
length,  and  as  broad  as  the 
semi- diameter  of  the  animal's 
body.  They  vary  in  length. 
some  of  them  being  as  long  as 
the  whole  body.  The  very  thin 
plates  which  intersect  the  septa 
have  their  breadth  equal  to 
the  distance  between  any  two  septa.  There  js  a  regular  series  of  these  plates 
from  one  end  of  any  two  septa  to  the  other  end,  240  of  them  occupying  a 
single  inch. 

The  electric  organ  of  the  gymnotu&  depends  entirely  on  its  will. 
It  does  not  keep  its  organ."  filwuy.s  charged,  and  it  can  direct  ite 
Return  towards  the  point  where  it  feels  itself  most  strongly  irri- 
tated. When  two  persons  hold  hands,  and  one  touches  tin,'  fish 
with  his  free  hand,  the  shock  is  commonly  felt  by  both  at  once. 
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<  )c<  iisionally,  however,  in  the  w  fit  severe  shocks,  the  person  who 
is  into  immediate  contact  with  the  Bah  iilnin-  receives  it. 
A  line  specimen  of  this  remarkable  hah  was  for  some  time  in 
posse.* -i-m  of  I  he  proprietors  of  the  late  (Jallery  of  Practical  Science 
in  Adelaide  Street,  and  was  made  the  subject  of  some  interesting 
experiments  by  Faraday  ( E.i .  Rewarchet)  J5II1  series,  183S).  Tin.-. 
tish  was  forty  inches  long.  It  remained  in  a  keidfhy  and  vigorous 
condition  till  March  18+2,  when  it  died  from  the  efl'ecta  of  a  rup- 
ture iif  a  blood-Teasel 

1.   The  Shock. — This   was  very  powerful  when  one  hnnd  wan  placed  on 

the  body  near  the  head,  ami  the  other  near  the  tail.     It  was  like  IliuL  of  a 

large   Levden  battery  charged  to  a  low  degree ;    and  great  as  was   the 

■fugle  discharge,  the  ti-.Ii  was  able  to  give  a  double  and  even  a 

■bock  with  Scarcely  a  sensible  interval  of  time.     From  some  roinparn- 

-.  Faraday  thought  it  may  bit  concluded  that  a  single  medium 

discharge  of  the  flsb  was  at  leaHt  equal  10  that  of  a  Leyden  buttery  of  fifteen 

Jan,  containing   3.500  square  inches   of  glass  coated  on   both  sides,    and 

charged  to  the  highest  degree, 

x.  The  Spark, — Through  the  upper  cap  of  a  glass  globe  a  copper  «  ire  win 
passed,  a  slip  of  gold  leaf  being  attached  to  its  extremity  ;  a  similar  wire 
terminating  in  a  brass  ball  within  the  globe  was  passed  tbroagb  the  lower  cap. 
The  gold  leaf  and  brass  ball  were  brought  into  all  but  actual  contact;  the. 
tish  being  provoked  to  dischnrge  through  tlte  wires,  the  gold  leaf  was  at- 
tracted to  the  ball,  and  a  spark  passed, 

3.  Chemical  Ifoamporitien. — Polar  decomposition  of  Iodise  of  potassium 
was  obtained  by  moistening  three  or  four  folds  of  papa*  In  the  Miluiinn,  and 

Dg  them  between  a  platinum  plate,  and  the  end  of  a  platinum  v,  m 
eted  respectively  with  two  saddle  conductors  grasping  the  body  of  the 
The  middle  of  the  tish  was  found  to  be  ueyat'ioc  to  the  anterior  parts 
and  politic?  to  parts  towards  the  tail. 

4.  Magnetic  Efftcli. — by  causing  the  tish  to  send  powerful  discharges 
through  an  instrument  of  no  great  delicacy,  a  deflection  of  the  mi. lie 
amounting  to  30°  was  produced;  the  deflection  was  constantly  111  a  given 
direction,  the  electric  current  being  always  faun   the  anterior  parts  of  the 

id  llirough  the  galvanometer  wire  to  the  posterior  parts.    When  a  little 

helix,  containing  twenty-two  feet  of  silked  wire  wound  on  a  quill,  was 

put  into  the  circuit,  and   an    annealed   steel   needle   placed   in  the  helix,  (he 

needle  became  a  magnet,  and  the  direction  of  its  polarity  in  every  case  in- 

'l  a  current  from  the  anterior  to  the  jMUterior  parts  of  the  gymnotus 

h  the  conductors  used. 

When  a  number  of  persons  till  dip  their  hands  at  the  same  time 
I  In-  water  in  tin-  vessel  in  which  the  gymiiotua  is  confined, 
they  all  receive  a  shock  of  greater  or  leas  intensity  when  th«  dah 
discharges,  proving  that  all  the  conducting  matter  round  tha  n.*h 
ifl  lilled  at  the  moment  with  circulating  electric  power  resembling 
generally  in  disposition  the  magnetic  curves  of  a  magnet.  The 
feeds  on  other  lish,  which  it  kills  by  giving  them  a  shock; 
tlii>  forming  a  coil  round  the  lish,  so  that  it   should  re- 
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present  a  diameter  across  it.  Living,  ari  the  gymnotue  does,  in  the 
midst  of  such  a  good  conductor  u  water,  it  Menu  at  first  surpris- 
ing tLat  it  run  .-citsihlv  electrify  anything;  but  in  fact  it  i*  foe 
very  cimdueting  ]h>w*t  of  the  water  which  I'nvimrs  and  inerei 
the  shock  by  moistening  the  skin  of  the  animal  through  which  the 
gymnotus  discharges  its  battery. 

Thr.  SUmnu  JSketrttma. — This  flan  is  shown  in  Pig,  nS.    It  is 
found  in  the  Senegal,  the  Niger,  and  the  Nile.     It  is  about  twc 
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inches  long.  The  shock  is  dwtinctly  felt  when  it  is  laid  on  one 
hand,  aud  touched  by  u  metallic  rod  li'-lil  in  the  other.  Its  elec- 
trical organs  are  much  less  complicated  than  those  of  other  elect  ri- 
cal  lislii'.-,  i  Ither  known  ideeiriml  fishes  an  th&tt^toodon  efocfaicw, 
found  in  the  Canary  Islands,  and  the  trivhiarus  eledrictu,  which 
inhabits  the  Indian  seas;  several  others  have  been  met  with,  but 
not  liiiJnTtn  accurately  described- 

(93)  Electricity  of  Plants. — The  following  conclusions  W6M 
arrived  at  by  Wartmann  {Bibliulhi'que  Unieersclle  de  t/eueve,  Deft 
1850),  after  an  investigation  continued  for  two  years : — 

1.   Electric  currents  are  to  be  detected  in  all  parte  of  vegetables  but  those 

furnished  with  isolating  substances,  old  bark,  ftt,  &e. 

r.  These  currents  occur  m  all  tines  and  seasons,  ami  even  when  the  por- 
I  Ion  examined  is  separated  Irom  the  body  of  tlie  plant,  as  long  as  ji  continues 
moist. 

3.  In  the  routs,  stems,  branches,  petioles,  and  peduncles,  there  exist-.  1 
central  descending  and  a  peripherkal  ascending  current;  Wjiituiaitu  calls 

them  axial  surrtnt*. 

4.  Lateral  currents  may  be  detected  passing  from  the  layers  of  tin 
where  the  liber  and  alburnum  touch  to  the  surrounding  pnrts. 

5.  In  the  leaf  the  current  passes  from  the  lamina  to  the  nerves,  as  well  as 
to  the  central  pails  of  the  petiole  anil  stalk. 

6.  In  the  flowers  the  currents  are  feeble.     Thev  are  very  marked  in 
succulent  fruits,  and  in  some  kinds  of  grain;  the  currents  from  fruits,  pro- 
ceeding in  most  cases  from  the  superficial  parts  to  the  adjacent  organs.     The 
strength  of  the  currents  depends  on  the  season,  they  are  greatest  in  the  spring 
when  tlio  plant  is  bathed  in  sap. 

7.  Currents  can  also  be  detected  proceeding  from  the  plant  to  the  soil, 
which  is  thus  positive  with  relation  to  it,  and  currents  arc  also  manifested 
when  two  distinct  plants  are  placed  in  the  circuit  of  the  rhcomer.er. 

These   results  were  coulirrued  by  Beequerel  (Compten-J. 
Nov.  +,  1850).     He    ascertained  particularly    the   determination 


of  electrical  cm-rents  from  the  pith  nf  the  wood  to  the  bade,  which 
shown  that  the  earth  in  the  ad  of  vegetation  contiuualh  M^nirea 
an  exeeaa  of  positive  electricity  :  uud  the  parenchyma  of  tin 
and  a  part  of  the  wood  an  exeest  of  negative  alectricitjj  vrhich  i^ 
strutted  to  the  air  by  means  of  the  vapour  of  exhaled  «atex  j 
am  tlu  oppoate  electrical  etatc  ud  the  earth] 

reason  to  think  that,  from  the  esaormoafl  vegetation  in  soma  , 
of  the  globe,  they  must  exert  >onn-  inllitenoe  on  the  electric  phe- 
nomena nl  the  atmosphere. 

Flashes  of  light  have  been  Been  to  be  emitted  from  many  flan 
principally  £w«H//e-cohuuvd  flowers,  BOOH  alter  luaaet  on  sultry 
days;  this  phenomenon  was  diligently  studied  by  ZuwtuUki;  be 
□Otioed  that  it  occurred  motit  frequently  in  the  months  of  Jul/ 
and  August,  and  he  observed  that  the  fame  flower  discharged  a 
number  of  Hashes  iu  auccettfion. 

Pouillet  made  the  following  experiment,  from  which  lie  arrived 
at  the  coaoloaion  thai  a  considerable  portion  of  the  electru  iiv  with 
h  the  atmosphere  is  charged  i-  derived  limn  the  gaseous  thuds 
oul  h\  plants  during  the  process  of  vegetation  : — 

i  In  a  table  varnished  with  guin-lac,  he  arranged  in  two  rows  betide 
other  twelve  glass  capsules,  each  about  eight  inches  in  diameter,  midi'.Kii.  i 
externally  for  two  inches  round  the  lips  with  a  fihn  of  lac  varni&h.  I  Iu 
were  filled  with  vegetable  mould,  and  made  to  communicate  with  each  other 
by  irK  -ciillii-  wires,  whieh  passed  from  Ihu  inside  of  one  to  the  inside  in  (In- 
Best,  going  over  the  edge*  of  the  cap-ules,  Thus  the  inside  of  the  twelve 
capsule*  and  the  soil  winch  they  contained  formed  ouly  a  single  conducting 
Ur..|y,  « in..-  of  the  capsules  was  placed  fn  coramnaic&tioa  with  '•"•upper 
plate  of  a  condenser  by  means  <•!  .  while,  at  the  tame  time,  the 

under  plate  waa  in  ootnmunication  with  the  ground. 

Things  beirnr  in  this  situation,  and  tho  weather  being  very  dry,  a  quantity 
of  corn  was  sown  in  the  soil  contained  in  the  capsules,  and  the  effects  nn 
watched.  The  laboratory  wns  kept  closed,  and  neither  tire,  nor  light,  n 61 
any  electrified  body,  was  introduced  into  it-  During  the  first  two  days  the 
gTain  swelled,  and  the  plurnulas  issued  out  about  the  length  of  a  line,  hut 
Sid  not  make  theii  appearance  above  the  surface  of  the  earth.  But  ou  tho 
third  day  the  bli  1  above  the  surface,  and  began  to  incline  to- 

wards the  window,  which  wub  not  provided  with  shutters.  The  mmlBMimn 
was  now  charged  willi  positive  electricity  ;  consi-quetiliy  the  carbon l 
which  is  disengaged  during  the  germination  of  the  seed  is  charged  with 
poaitlre  electricity,  and  ia  therefon  in  precisely  the  same  state  as  the  car- 
actd  formed  by  combustion.  This  experiment  was  repeated  several 
times  with  success.  But  the  electricity  cannot  be  recognised  unless  the 
her  is  exceedingly  dry,  or  unless  the  apartment  is  imiiicialiy  dried  bj 
introducing  substances  which  huve  the  property  of  absorbing  moisture. 

Pouillet  inferred  from  his  ex perinieuts  that  a  surface  of  1.000 
■quan  old  give  out  stdUcient  electricity  bo  charge  a  uovvt- 

fui  battery, 


*5< 


PART   IV. 


VOLTAIC   ELECTRICITY. 


CHAPTER  I. 

\ ' cilia's  Fundamental  Kspcriroent— The  •  Pile  —The  Dry  Pile— The  Contact 
ami  Chemical  Theories  of  the  File — Simple  anil  Compound  Voltaic  Bat- 
teries— The  Water  Battery  — Polarization  —  Secondary  Batteries — The 
Gas  Battery. 

(94J  Volta's  Fundamental  Experiment. — Two  polished 
metallic  iliscSj  one  of  copper  and  the  other  of  zinc,  about  three 
inches  in  diameter,  and  each  provided  with  an  insulating  handle, 
are  brought  into  contact,  holding  them  bj  their  handles;  they  are 
then  separated,  especially  avoiding  friction,  and  brought  successively 
into  contort  with  the  collecting  plate  of  a  condensing  electroscope 
1  Fig.  19,  p.  20) :  the  due  plate  is  found  to  be  slightly  charged  with 
positive  and  the  copper  plate  with  negative  clecl  rarity.  These  effect  a 
(which,  though  feeble,  are,  when  care  fid  ly  performed,  decisive),  were 
bed  byVotti  to  It  peculiar  electromotive  force,  under  which 
the  metals  by  simple  contact  tend  to  assume  opposite  electrical 
states;  but  it  has  been  shown,  by  Grove  (Sled,  !/«'/,  vol.  i,  57) 
that  Volta's  experiment  is  equally  successful  if  contact  between  the 
metals  is  prevented  by  the  interposition  of  a  circle  of  card,  ami  he 
conceives  the  action  between  the  discs  to  be  somewhat  similar  to 
that  which  occasions  a  coin,  when  allowed  to  remain  for  some 
time  on  a  polished  plate,  to  leave  behind  it  on  the  metal  a  faint 
jiii 'tore,  viz.,  to  a  radiation  between  the  metals,  on  account  of 
dillerence  of  temperature,  whereby  a  chemical  disturbance  takes 
place.  Gassiot  has  also  proved  that  decided  signs  of  electrical 
tension  may  be  obtained  without  any  contact,  metallic  or  other- 
wise, between  the  plates.  His  experiment  is  thus  described  (J'/iil. 
Mm/.,  Oct,  184+):— 

Two  plates,  ono  of  copper  and  the  other  of  zinc,  each  four  inches  in 
diameter,  were  attached  SB6&  to  an  insulated  pillar  of  a  micrometer  electro- 
meter; the  plates  were  carefully  approximated  to  about  -^  of  an  inch. 
When  thus  adjusted,  a  copper  wire  was  attached  to  each  of  the  plates,  and 
also   to  the  discs  of  the  electroscope,   which  were  fixed  at  about  I  of  an 
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inch  apart ;  the  leaf  of  the  electroscope  was  raised  so  as  to  allow  it  to  swing 
dear  of  the  two  discs,  and,  when  not  excited,  (o  remain  equidistant  from  each. 
Thus  arranged,  the  apparatus  is  ready  for  experiment.  With  one  hand  the 
experimenter  holds  a  Zamboni's  pile  (Fig.  95),  so  as  to  have  one  of  its  ter- 
minals within  about  one  inch  of  the  cap  of  the  electroscope,  and  with  Lh . 
other  hand  he  separate*  the  plates ;  immediately  on  separation,  the  terminal 
of  the  pile  is  brought  into  contact  with  the  cap  of  the  electroscope,  when  the 
leaf  is  attracted  us  follows: — If  touched  by  the  negative  terminal  of  the  pile, 
the  If  uf  of  the  electroscope  will  be  attracted  towards  the  disc  in  connection 
with  t  lin  -fjic  plate,  but  if  by  the  positive  terminal,  the  leaf  will  move  towards 
the  disc  in  connection  with  the  cap/ier  plate,  which  are  precisely  the  same 
results  as  follow  the  separation  after  actual  contact. 

By  tli a  following  arrangement  a  voltaic  current  of  sufficient 
power  to  decompose  iodide  <;/'  pofosmim  was  produced  by  Faraday 
without  the  contact  of  diaBiiiiilax  met&la: — 

A  plate  of  zinc,  a  (Fig.  1 19),  was  cleaned  and  bent  in  the  middle  to  a  right 
angle ;  a  piece  of  platinum  about  three  inches  long  and  half  an  inch 
wide,  b,  was  fastened  to  a  platinum  wire,  and  the  latter 
bent  twice  at  right  angles.  These  two  pieces  of  metal 
were  arranged  us  shown  in  the  figure;  at  x  a  pioeo  of 
folded  bibulous  paper,  moistened  in  a  solution  of  iodide 
of  potassium,  was  placed  on  the  zjnc,  and  was  pressed 
upon  by  the  end  of  the  platinum  wire;  when,  under 
these  circumstances,  the  plates  were  immersed  in  diluted 
nitric  and  sulphuric  acids  or  even  in  solution  of  caustic 
potash,  contained  in  the  vessel  c,  there  was  an  imme- 
diate effect  at  x,  the  iodide  being  decomposed,  and  iodine 
appearing  at  the  anode,  that  is,  against  the  end  of  the 
platinum  wire.  As  long  as  the  lower  ends  of  the  plates 
remained  in  the  acid,  the  electric  current  flowed,  and  the 
decomposition  proceeded  at  1.  On  removing  the  end  of 
the  wire  from  place  to  place  on  the  paper,  the  effect  was 
evidently  very  powerful;  and  on  placing  apiece  of  tur- 
meric paper  between  the  white  paper  and  the  zinc,  both  papers  being 
moistened  with  a  solution  of  iodide  of  potassium,  alkali  was  evolved  at  the 
cathode  against  the  zinc  in  proportion  to  the  evolution  of  iodine  at  the 
anode;  the  presence  of  an  electrical  current  was  likewise  shown  by  the 
galvanometer. 

Metallic  contact,  according-  to  Faraday,  favours  the  passage  of 
the  current  by  diminishing  the  opposing  affinities.  When  an 
amalgamated  zinc  plate  ia  dipped  into  dilute  sulphuric  acid,  flic 
force  of  chemical  affinity  exerted  between  the  metal  and  the  fluid 
ie  not  sufficiently  powerful  to  cause  sensible  action  at  the  surfaces 
of  contact,  and  occasion  the  decomposition  of  water  by  the  on  kin  - 
tion  of  the  metal,  though  it  is  sufficient  to  produce  flueh  a  condi- 
tion of  electricity  as  would  produce  a  current  if  there  were  a  path 
open  for  it,  arid  that  current  would  Complete  the  conditions  neeee- 
Bavry  for  the  decomposition  of  water.    Now,  when  the  zirxc  is 
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touahed  by  ■  piece  of  platinum,  the  patii  required 

(I'ii-lly  •*  opened,  and  it  is  evident  that  this  must   be  fur  inure 
effectual  than  when  the.  two  metale  aa  h  the 

medium  of  an  aleetrolyta  :  be*  ntrarp  and  opposing  action 

to  that  which  i*  influential  in  the  dilute  sulphuric  acid  is  then 
lucedj  ox  at  any  rate  the  Affinity  of  the  component  parts  of  the 
electrolyte  hai  to  be  overcome,  smce  it  cannot  conduct  wifooui 

:.,u,  iitni   this  decomposition  reacts  upon,  and  somet 
neutralises^  the  forces  which  tend  to  produce  the  current. 

'flic   news   Of  Yalta   have   Iwu   supported    hy   many  profound 

electricians,  including  PfalT,  Morianini,  Feeble?,  Zamhoxd,  and 
Miii  tfMii:-«M,  but  the  most  powerful  mast  of  evidence  la  in  favour  of 
the  theory  that  ascribe!  the  source  of  power  to  ohemical  a 
mid    this  theory  has  been  adopted  and  maintained  by  Fabi 
AVollaaton,  Oersted,  Becquerel,  Do  la  Etire,  Schbnbein,  Faraday, 
'  Irove,  and  numerous  other  distinguished  philosophers. 

Hy  Dnvv  {1'liih  Tr<ui*.  1816)  the  electric  state  of  the  pile 
considered  as  due  pitrtlv  to  the  coated  cf  the  opposed  metals,  and 
partly  to  the  chemical  action  excited  on  them  by  the  liquid 

'Cbenta*]  and  stectsical  nUrnttionK,'  he  says,  '«re  produced  liy  the  same 
CqUtBi  gating   6fl   MU   BOM   M   /""ticks  and  in  the  oilier  on  mutter  of  m 
anil  the  MOM  property*  uniler  different  iiKidilirations,  19  the  cause  of  nil  the 
plieunmetiH  exhibited  In  dJhVent  voltaic  combinations.' 

In  Volta'a  fundamental  a^eriment  the  zinc  plate  is  supposed  hy 
him  to  take  electricity  from  the  copper  plate,  the  zinc  plate  be- 
coming feebly  positive,  and  the  copper  plate  feebly  negative.  Pro- 
fessor llobison  endeavoured  to  inc  refuse  the  ell''i:<  by  ii.^m-iatinj.'  a 
series  of  plates  of  copper  and  zinc,  one  pair  immediately  following 
the  other.  The  Seabed  effect  waa  not,  however,  attained,  a.^,  in- 
deed, Volta'a  theory  would  hare  predicted,  for  as  in  such  an 
igement  each  copper  plate  is  necessarily  between  two  sine 
plates,  and  each  due  plate  between  two  copper  plates  j 
to  that  theory  ilactromotion  would  tend  from  the  copper  to  the 
Erne  upon  both  sides  of  the  latter,  and  the  forces  would  destroy 
one  another.  The  same  thing  would  occur  conversely  with  both 
-uri'in-es  of  the  copper,  n  that)  however  numerous  the  aeries,  the 
.  iI'im-i  cannot  exceed  that  produced  by  »  iingle  pair.  This  explo- 
n  immediately  occurred  to  Volta,  and  the  brilliant  idea  sug- 
i  itself  that,  if  he  were  to  interpose  between  each  pair  of 
copper  and  JOnO  plates  a  moist  or  second-class  conductor,  the  latter 
would  have  the  effect  of  promoting  the  circulation  of  the  disturbed 
electricity,  ite  own  power  of  producing  bion  by  contact 

with  the  metals  being  extremeiyammU  whan  compared  to  the  energy 
of  the  electromotive  force  called  bio  existence  by  the  cental 
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the  dry  or  second-class  metallic  conductors,     In  w-ennlauce  with 
this  hypothesis  ha  built  up  bia  '  pile.1 

The  original  foroi  of  \  oltafa  pile  is  shewn  is  Fig.  no. 

It  consists  of  a  series  of  silver  and  siinc  or  of  copper  and  zinc  plate,',  BT- 
■  ■■  another,  with  moistened  flannel  or  pasteboard  between 
encli  nair.  A  series  of  thirty  or  forty  alternations 
of  plates  four  IdcJmi  square  will  cause  the  gold  leaf 
Blactroaoope  to  diverge ;  the  zinc  end  with  positive 
and  the  silver  end  wiih  wyatfsw  electricity ;  ashock 
Will  alflO  I"'  felt  cm  toothing  the  exi 
with  the  fingers  moistened  with  water;  u  small 
spark  will  be  seen  on  bringing  the  extreme  triflta 
into  contact,  and  water  may  be  ■  !.■ 
These  latter  effects  are  much  increased  when  the 
llann.-l  oi  pasteboard  is  moistened  with  suit  and 
water,  the  tptatttity  at  electricity  set  in  motion  by 
the  chemi'  :il  ai  I  ton  of  the  saline  liquid  being  ma- 
terially increased,  but  the  gold  leaves  of  the  elec- 
troscope Will  oaf  exhibit  a  greater  divergence 
when  salt  Water  is  used,  lata  effect  depemling  on 
the  btltfi»'t'/  »f  i  be  electricity,  which  is  not  inn- 
i.  ii  illy  augmented  by  the  chemical  action, 

(95.)  The  Dry  Pile. — An  electric  pile 
fiu  unrated  by  Da  Luc,  from  which  much 
useful  information  respecting  the  direr! iuii 
of  the  current  in  tlie.se  cases  of  excitation* 
may  lie  ih'rivcil. 

This  instrument  conraata  oF  a  number  of 
alternations  of  two  me tuls,  with  discs,  of 
pager  interposed  1  the  elements  may  be  cir- 
cular discs  of  than  paper,  covered  on  one 
side  with  gfnltl  or  silver  leu!  iibout  one 
inch  in  diameter,  and  similar  sized  pieces  of  ihin  *.inc  foil,  so 
ged  that  the  'inter  of  succession  shall  he  preserved  through- 
out, viz.,  sine,  silver,  paper;  zinc,  diver,  paper.  Sec,  About  five 
bandied  pairs  of  such  discs,  enclosed  in  a  perfectly  dry  glass  tube, 
terminnti'il  n I  each  end  with  a  brass  cap,  sad  screw  ta  | 
the  plates    tight   together, wiH  produce  an  active  column.     Tlie 

Mr.  Si  ii  ■_'•■!■  constructed  »dfj  pilaof  twenty  thnuMim 
zinc,  silver,  ami  douhle  discs  of  writing  paper;  it  w;is  capiibl 
diverging  the  pith-ball  electroscope,  and  by  connecting  one  extra* 
mity  of  the  aeries  with   a  line  iron  wire,  nod  bringing  the  end  of 
near  the  other  extremity,  a  Blight  layer  of  varnish  being 

•'./  of  hrhjhl  tparkt  roulit  }«■  pni'lncrtl,  especially 
when  the  point  of  the  wire  was  drawn  lightly  over  llu-  surface, 
\  v  ery  thin  glass  jar,  continuing  fifty  square  inches  of  coated  sur- 
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Ems,  charged  by  ten  minutes  contact  with  the  column,  had  power 
to  fuse  one  inch  of  platinum  wire  jgfa  of  an  inch  in  diameter. 
It  gave  ii  di-afrreeable  shock,  felt  distinctly  at  the  elbows  and 
shoulders,  nnd  by  »ome  individuals  across  the  breast.  The  charge 
from  this  jar  would  perforate  thick  drawing-paper.  The  pile  (lit 
not  possess  the  slightest  chemical  action,  for  saline  compounds 
tinged  with  the  most  delicate  vegetable  colours  underwent  no 
change,  even  when  exposed  for  some  days  to  its  action. 

On  examining  the  electrical  state  of  the  dry  electric  column,  it 
is  found  to  resemble  that  of  a  conductor  under  induction ;  in  the 
centre  it  is  netttml,  hut  the  ends  are  in  opposite  eleotrica]  states; 
and  if  one  extremity  be  connected  with  the  earth,  theelec.tr 
of  the  opposite  end  becomes  proportionately  increased  :  the  zinc 
extremity  if<  positive,  and  the  silver  or  gold  extremity  is  negative  t 
as  may  he  proved  by  laying  the  column  on  the  caps  of  two  gold 
leaf  electroscopes  in  the  manner  shown  in  Fig.  121  ;  the  leaves  will 

Fig.  m. 


diverge  with  opposite  elect rici tie?.  If  a  communication  be  made 
between  the  instruments  by  means  of  a  metallic  wire,  the  diver- 
gence of  the  leaves  will  cease,  but  will  be  again  renewed  when  such ' 
r.  immunisation  is  broken.  It  is  better  to  employ,  in  these  experi- 
ments, an  electroscope  in  which  the  gold  leaves  are  suspended 
singly,  as  Buown  in  Fig.  taz,  and  so  arranged  as  to  admit  of  their 
being  brought  nearer  to  or  carried  farther  from  each  other.  If  in 
such  an  instrument  the  leaves  are  adjusted  at  a  proper  distance 
1  each  other,  and  the  wire  from  which  one  is  suspended  be 
connected  with  the  zinc  end  of  the  pile,  and  the  wire  from  which 
the  other  is  suspended  be  connected  with  the  silver  or  gold  end,  a 
kind  of  perpetual  motion  will  be  kept  up  between  the  leaves ;  for, 
being  oppositely  excited,  they  will  attract  each  other ;  and  having 
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contact  neutralised  each  other,  they  will  separate  for  a  moment 

again  attract  and  separate  as  before.     If  both  silver  and  zinc 

ends  of  two  columns  are  connected  with  the  two  guld  leaves,  a 

continued  repulsion  will  he  kept  up  between  the  leaves,  they  being 

then  similarly  electrified. 

A  variety  of  amusing  experiments  may  bo  made  with  De  Luc's  dry 
column.  Thus,  a  small  clipper  may  be  kept  constantly  vibrating  between 
two  bells.  With  a  series  of  twelve  hundred  groups,  arranged  by  Mr.  Singer, 
a.  perpetual  ringing  was  kept  up  during  fourteen  months.  De  Luc  had  a 
pendulum  which  constantly  vibrated  between  two  bells  for  more  than  two 
years.  With  a  pile  of  10,000  series,  constructed  after  the  modification  by 
Zamboni,  in  which  the  discs  consisted  of  paper,  on  one  side  of  which  finely 
laminated  zinc  was-  pasted,  and  on  the  other  finely  powdered  block  oxide 
of  manganese,  Mr.  Gagstot  charged  a  Leyden  battery  to  a  considerable 
degree  of  intensity,  and  obtained  direct  sparks  JL  of  un  inch  in  length* 
He  ultimately  succeeded  in  obtaining  chemical  decomposition  of  a  solution 
uf  iodide  of  potassium,  the  iodine  appearing  at  the  end  composed  of  black 
oxide  of  manganese. 

The  source  of  power  in  the  '  dry  pile '  is  referred  by  those  who 
uphold  the  theory  of  Volta  to  the  contact  of  the  metals;  the  oppo- 
nents of  that  hypothesis  trace  it  to  the  action  of  the  small  portion 
of  moisture  which  is  contained  in  the  paper  tipon  the  oxidizable 
metal,  viz.  the  zinc.     It  is  certain  that  a  degree  of  moisture  it*  in- 
dispensable  to  the  action  of  the  instrument ;  for  the  electricity 
disappears  altogether  when  the  paper  dist-B  have  lost  their  humi- 
dity by   spontaneous  evaporation,  and  the  zinc  becomes  slowly 
corroded.     Its  charge  is  altogether  one  of  intensity,  and  after  dis- 
charge  an  iuterval  of  time  is  required  for  a  renewal.     It  is  not 
improbable  that  the  state  of  the  atmosphere  is  in  some  way  con- 
ected  with  the  phenomenon,  for  the  motion  of  the  pendulum  is 
abject  to  much  occasional  irregularity.     M.  l)e  Luc   and   Mr. 
■Busman  both  observed  tint  the  action  of  the  column  was  increased 
when  the  sun  shone  on  it ;  but  they  conceived  that  the  eflect  was 
not  due  to  the  heat  of  the  sun's  rays,  because  it  was  found  that  an 
instrument  put  together,  after  the  parts  had  been  thoroughly  dried 
fay  the  lire,  had  no  power  whatever,  but  that  it  became  efficacious 
all-  r  it  had  been  taken  to  pieces,  and  its  materials  had  remained 
all  night  exposed  to  the  air,  from  which  the  paper  imbibed  mois- 
Mr.  Singer,  however,  remarked  that  the  power  of  the  column 
leased  by  ft  moderate  heat,  as  his  apparatus  vibrated  more 
strongly  in  summer  than  in  winter,  and  the  electrical  indicating 
were  stronger  when  there  waa  a  lire  in  the  room. 

Care  should  he  taken  not  to  allow  the  ends  of  the  column  to  re- 
nin for  any  length  of  time  in  contact  with  a  conducting  body  ; 
i>  after  such  continued  communication,  a  loss  of  nowex  ns'&V  \st 
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perceived.  "When,  therefore,  the  instrument  is  laid  by,  it  should 
be  insulated;  and  if  it  had  previously  nearly  lost  its  Action,  it  will 
u.-ually  recover  it  after  a  rest  of  a  few  days.  The  application,  by 
TVilmenberger,  of  the  dry  pile  to  the  guld-leaf  electroscope  has 
already  been  alluded  to  (41.  (5). 

(96)  Insufficiency  of  the  Contact  Theory, — At  the  close  of 
an  elaborate  and  exhaustive  experimental  examination  of  the 
question,  '  What  is  the  source  of  power  in  the.  voltaic  pile? '  Fara- 
day sums  up  thus  (Ei.  MesearcJt..,  series  xvii.)  : — 

'The  contact  thorny  assumes,  in  fact,  that  a  force  which  is  able  to  over- 
come powerful  resistance,  n.=,  for  instance,  that  of  the  conductor,  pool  or  bad, 
through  which  the  current  passes,  ami  that  again  of  the  electiolytic  action, 
when  bodies  are  decomposed  by  it.  can  arise  out  of  not/ling ;  that  wit  boot  any 
changa  in  the  acting  matter,  or  the  consumption  of  any  generating  for 
current  can  be  produced  which  shall  go  on  for  ever  against  u  constant 
resistance,  or  only  be  stopped,  as  in  tho  voltaic  trough,  by  the  ruins  which 
its  exertion  has  heaped  up  in  its  own  course.  This  would  judged  be  a  creo- 
tlan  •>/  pou*r,  and  is  like  no  other  force  in  nature.  We  have  many  pro- 
cesses by  which  the  form  of  the  power  may  be  so  changed  that  an  apparent 
rmivermmat  one  into  another  takes  place;  but  in  no  cage  is  there  a  pure 
creation  of  force  ;  a  production  of  power  without  the  corresponding  exhaus- 
tion of  something  to  supply  it. 

'The  chtiuleal  theory  sets  out  with  a  power,  the  existence  of  which  is  pre- 
proved,  and  then  follows  its  variations,  rarely  assuming  anything  which  is 
not  supported  by  some  corresponding  simple  chemical  fact. 

'The  contact  theory  sets  out  with  an  assumption,  tu  which  it  adds  others 
as  the  cases  require,  until  at  last  the  contact  lores,  instead  of  being  the  firm 
unchangeable  thing  at  first  supposed  by  Voltu,  is  as  variublo  as  cuemical 
force  itself. 

*  Were  it  otherwise,  and  were  the  contact  theory  true,  then,  as  it  appears 
to  me,  the  equality  of  cause  and  eflfeflt  Biuat  be  denied.  Then  would  ''per- 
petual motion"  also  be  true;  and  it  would  not  beat  all  difficult  upon  the 
tint  given  case  of  an  electric  current,  by  contact  alone,  to  produce  an  electro- 
magnetic arrangement  which,  as  to  principle,  would  go  on  producing  me- 
chanical effects  fur  ever/ 

Again,  speaking  of  the  roltaie  theory  of  contact,  Dr.  Roget,  in 
his  Treatise  on  GakXB&m,  says  (§  113): — 

■  Were  any  further  reasoning  necessary  to  overthrow  it,  a  forcible  argu- 
ment might  be  drawn  from  the  following  consideration: — If  there  could 
axiat  11.  power  having  the  property  ascribed  to  it  In  the  hypothesis,  namely, 
that  of  giving  continual  impulse  to  a  fluid  in  one  constant  direction,  without 
being  exhausted  by  its  own  action,  it  would  differ  essentially  from  all  the 
Other  known  powers  In  nature.  All  the  powers  and  sources  of  motion,  with 
the  operation  of  which  we  are  acquainted,  when  producing  their  peculiar 
'fleets,  are  expended  in  the  same  proportion  as  those  effects  are  produced  ; 
and  hence  arises  the  impossibility  of  obtaining  by  their  agency  a  perpetual 
■fleet,  <jr  in  Other  words,  a  perpetual  motion.  But  the  electromotive  force 
ascribed  by  Volta  to  the  metals  when  in  contact  is  a  force  which,  as  long  as 
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free  course  isalloweil  10  the  electricity  it  tflU  in  motion)  is  never  expended, 
uml  continues  to  be  excited  with  umliiiiinislnil  power  in  the  production  of  & 
never-ceasing  effect.  Against  (be  truth  of  6ucb  a  supposition  the  probabi- 
lities are  all  but  infinite.' 

Lastly,  Sir  WjlUiiiTi  Snow  Harris,  in  reviewing  the  two  theories 
>f  the  voltaic  pile,  expresses  his  opinion  of  the  contact  theory  in 
ie  following  term-  {Sudimentary  1  realise  on  <i'ah'ttni#ni,y.  52)  : — 

■  On  reviewing  the  respective  merits  of  the  contact  and  chemical  theories 
ef  i  lie  norm  of  p©w*l  in  the  vultaic  pile,  wa  find  the  fuels  in  support  of  the 
IiUit  so  overwhelming  in  every  sense  liiat  it  is  next  to  impossible  to  resist 
1I11'  conclusion  that  chemical  action  is  really  the  mainspring  of  the  whcilie 
machine.  We  find,  for  example,  that  chemical  action  does  give  rise  to 
evolution  of  electricity ;  that  the  current  force  is  entirely  dependent  on  it; 
that,  when  the  chemical  actiuii  diminishes  or  ceases,  the  current  also  dimi- 
nishes or  ceases;  when  the  chemical  action  changes,  the  current  changes; 
when  there  is  no  chemical  action,  there  is  no  current ;  no  case  has  >  v.  r 
arisen  of  electrical  current  in  the  voltaic  apparatus  without  chemical  action, 
and  there  is  every  ground  for  supposing  that  the  force  termed  chemical 
Hlliuity  is  iik'iiticdl  with  electrical  force. 

'On  the  other  hand,  the  contact  theory  is  embarrassed  by  anomalies  and 
improbabilities  in  the  nature  of  things,  it  assumes  that  a  current  is  called 
union  and  maintained  by  metallic  contact  alone;  here  we  must  assume 
the  force  of  contact  to  he  so  balanced  as  to  produce  in  any  voltaic  circle  an 
effect  equal  to  zero,  and  whilst  the  metallic  substances  in  contact  remain  in 
every  sense  unchanged  as  regards  their  particles,  they  are  supposed  actually 
to  discharge  into  each  other;  if  any  change  of  state  or  condition  in  their 
Constituent  particles  were  admitted,  it  would  then  become  a  chrmicut  theory. 
Jli  two  nivtals  also,  by  this  hypothesis,  are  in  opposite  electrical  states,  the 
one  being  positive,  the  other  negative,  which  states  become  at  once  destroyed 
l»y  the  intervening  fluid,  and  recommence ; — hut  how?  The  whole  effect  of 
the  apparatus  is  by  the  theory  a  disturbance  and  reproduction  of  electrical 
equilibrium,  il  in  no  way  supplies  an  explanation  of  the  production  and 
evolution  of  electricity.    The  force,  which  is  supposed  competent  to  produce 

change  of  electrical  state  in  metals  in  respect  to  each  other,  is  yet  incom- 
petent by  the  hypothesis  to  maintain  the  new  state  induced ;  and  without 
any  consumption  whatever  of  the  generating  force,  we  are  obliged  to  assume 
ttu  proiUu'tion  of  a  current,  continually  flowing  on,  against  a  oonsUinl  n^i-t- 
ance;  this  is  not  in  the  nature  of  things  of  which  we  have  the  least  experi- 
ence, 'lliere  is  no  inatuueo  in  nature  of  a  production  of  power  without  a 
corresponding  exhaustion  of  the  source  of  power.' 

(.97)  Simple   Voltaic    Circles.  —  Assuming,   then,    that,  the 

electricity  set  in  motion  by  the  contact  of  the  cojgpsc  and  zinc 
plates  in  Volta's  fundamental  experiment  is  the  result  of  slight 
chemical  action,  it  is  easy  to  understand  that  increase  of  chemical 
action  should  give  line  to  nu  augmentation  of  electrical  force.  If  we 

two  plates  of  different  111  itale,  platinum  and  zinc  for  example, 
■nd  immerse  thein  in  pure  water,  touching  each  other,  aa  in  Fig,  in, 

UM*C  citric  will  be  formed,  tin1  water  will  be  s1qw\\  &MftXD^M&, 


its  oxgyea  becoming  fixed  on  the  zinc,  the  oxidizablc  metal,  and 
nt  the  same  thne  a  current  n|  electricity  will  be  transmitted  through 
the  liquid  to  the  platinum,  on  the  surface  of  which  the  other  consti- 
tuent ill  tin-  water,  viz.,  hydrogen,  will  nui1(e  its  appearance  in  the 
form  of  minute  gas  bubbles  ;  the  electrical  eunenl  panes  back  again 
to  the  zinc  plate  at  its  points  of  contact  with  the  platinum,  and  thus 
ii  I'lititinued  current  is  kept  up.  The  moment  the  circuit  is  broken 
by  separating  the  aetata,  the  current  ceases,  but  is;  renewed  on 
making  them  again  touch.  It  is  not  indispensable  that  the  two 
plates  should  be  brought  into  immediate  contact,  as  in  Fig.  123, 
they  may  be  metallically  united  by  wires  which  may  be  of  any 
length  provided  they  are  continuous  throughout,  and  are  brought 
into  contact  nt  their  1'iuls.  a- slmwn  in  Fig.  114.     The  effect  with 
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pure  water  is  feeble,  and  after  some  time  the  current  nearly  a 
inconsequence  of  the  surface  of  the  zinc  becoming  coated  with 
oxide ;  if,  however,  a  littli;  sulphuric  M  hydrochloric  acid  be  added 
to  the  water,  the  effect  is  greatly  increased,  because,  in  the  first 
place,  we  make  the  liquid  a  better  conductor  of  electricity ;  and, 
secondly,  and  chiefly,  because  the  oxide  of  zinc  is  removed  from 
the  surface  of  the  metal  w  fast  as  it  is  formed,  being  dissolved  by 
the  acid,  a  new  and  clean  surface  is  thus  continually  exposed,  and  an 
increased  facility  for  the  decomposition  of  water  is  afforded.  The 
force  originates  with  the  oxidation  of  the  zinc,  and  passes  in  the 
direction  of  the  arrow  through  the  liquid  to  the  platinum,  and 
thence  back  by  the  wires  b  c  to  the  zinc;  sulphate,  or  chloride  of 
zinc,  lp  formed  in  the  liquid,  but  the  formation  of  either  of 
suits  has  little,  if  anything,  to  do  with  the  development  of 
the  electrical  current,  chemical  decomposition  being,  according  to 
the  chemical  theory,  absolutely  oeeessnry  fur  the  development  of 
current  electricity. 
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To  prove  that  the  wire  connecting  the  platinum  and  zinc  plates 
is  conducting  a  current  of  electricity,  we  have  only  to  place  a 
nicely-balanced  magnetic  needle  above  or  below  it,  and  we  shall 
find  thnt  the  needle  wiU  donate  Gram  the  magnetic  meridian  in 
obedience  to  laws  which  will  be  described  hereafter  (JStrctm- 
mafflutmH  i ;  but  how  arc  we  to  account  for  the  appearance  of  the 
bubbles  of  hydrogen  gas  on  the  surface  of  the  platinum  plate  ? 

If  the  zinc  plate  be  amalgamated  by  dipping  it  into  dilute 
sulphuric  acid,  and  then  rubbing  it  over  with  mercury,  it  will  be 
found  that  dilute  .sulphuric  acid  baa  little  or  no  action  upon  it 
while  unconnected  with  the  platinum;  the  moment,  however,  that 
metallic  communication  is  established  between  the  two  plates, 
either  in  or  out  of  the  liquid,  torrents  of  bubbles  will  rise  from 
the  latter  metal  as  if  it  were  undergoing  violent  chemical  action, 
while  the  zinc  (the  metal  which  is  really  being  acted  upon  chemi- 
cally) is  dissolved  tranquilly,  and  without  any  risible  commotion. 
It  is  evident  that  this  phenomenon  cannot  be  explained  on  chemi- 
cal grounds alone  ;  the  transference  of  the  hydrogen  is  to  be  mn- 
sidered  as  taking  place  by  the  propagation  of  a  decomposition 
through  a  chain  of  particles  extending  from  the  zinc  to  the  plati- 
num. Let  the  exciting  liquid  be  supposed  to  be  dilute  sulphuric 
acid  (HSO.)j  as  soon  as  metallic  communication  is  established 
between  the  two  plates,  the  particle  of  HS<  >4  in  contact  with  the 
ainc  undergoes  decomposition,  the  SO*  combining  with  the  zinc  to 
form  the  compound  ZnS04  (sulphate  of  zinc) :  the  hydrogen  dis- 
placed now  unites  with  the  S04  of  the  contiguous  particle  of  USM  , 
displacing  its  hydrogen,  which  seizes  S04  of  the  third  particle  of 
J  IS< )v  and  so  on  till  the  platinum  phite  is  reached,  against  which 
the  hydrogen  of  the  last  particle  of  decomposed  IIS< »,  is  evolved, 
because  it.  can  find  no  particle  of  S<  )t  to  combine  with,  and  because 
it  cannot  enter  into  chemical  union  wiih  the  platinum,  thus — 

Bffott  the  plutei  art  connected.  After  the pLu<  I  an  •»nnected. 

'      -  -  -  -  -  -  •     ZnS04   HSC,      aaO*     H  — *-  P 

Zn    su4'i    S04H    so4tr    r 

Now  there  is  nothing  'in  the  appearance  of  the  liquid  between 
the  plates  which  indicates  the  transfer  of  the  disunited  elements 
•  alluded  to  ;  and  the  vessel  which  contains  the  achl  may  be 
divided  by  a  diaphragm  of  bladder  or  of  porous  earthenware 
without  interfering  with  the  general  result.  The  force  must  be 
conceived  to  travel  by  n  species  of  eonnedlim,  and  the  following 
illustration,  to  assist  us  in  forming  a  first  notion,  was  ottered  by 
the  late  Professor  Dnciell  (Introduction  to  t'h'mk-al  PkHotcphff)',  - 

•  When  a  number  of  ivory  bulls  are  freely  suspended  in  a  row  so  as  jirst 
to  touch  one  another,  if  un  impulse  Le  given  to  one  of  the  fcXVtfcmfc  qwl*,Vs" 
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sinking  it  with  a  hard  substance,  the  force  will  be  communion  ted  from  ball 
to  bull  without  disturbing  them,  till  it  readies  the  more  distant,  which  will 
fly  off  under  its  full  influence.  Such  analogies  are  remote,  and  must  not  lie 
strained  too  far;  but  thus  we  may  conceive  that  the  force  of  affinity  receive* 
an  impulse  in  a  certain  direction,  which  enablea  the  hydrogen  of  the  first  par- 
ticle of  water  which  undergoes  decomposition  to  combine  momentarily  with 
the  oxygen  of  Lhe  BSKt  panicle  in  succession,  the  hydrogen  of  tins  ugain 
with  the  oxygeu  of  the  next,  nnd  so  on,  till  the  last  particle  of  hydrogen 
e"niniunicates  the  impulse  to  the  ptatiitum,  and  escapes  in  its  own  elastic 
form.' 

But  it  is  cot  in  the  exciting  liquid  stone  that  this  remarkable 

transfer  of  elements  takes  place;  the  same  power  is  propa^at'd 
through  the  wire  which  connects  the  platinum  and  zinc  plates  to- 
gether. To  prove  this,  let  the  wire  be  divided  in  tbe  middle,  and 
having  attached  to  each  end  a  long  slip  of  platinum  foil,  let  each 
be  immersed  in  n  glass  jar  containing  hydriodic  unci;  in  a  few 
seconds  iodlM  will  appear  on  that  slip  of  foil  which  is  in  connec- 
tion with  the  platinum  plate  and  hydrogen  gas  on  the  other ;  so 
that,  supposing  a  decomposing  force  to  hare  originated  at  the  zinc 
plate,  and  circulated  through  the  exciting  acid  in  the  jar  to  the 
platinum,  and  onwards  through  the  wires  and  through  the  hydri- 
odic  acid  hack  to  the  zinc,  then  the  hydrogen  of  the  hydriodic 
acid  followed  the  same  course,  and  discharged  iteelf  against  tbe 
slip  of  platinum  foil  in  communication  with  the  zinc. 

It  does  not  require  two  metals  to  I'm-m  a  galvanic  circle,  on  even 
two  different  liquids,  if  other  conditions  Jire  attended  to.  A  cur- 
rent in  established  when  n  jino  pint'1  is  cemented  into  n  box,  and 
1  upon  on  one  side  by  diluted  acid,  and  on  the  other  by 
solution  of  salt :  or  by  acting  on  both  sides  by  the  same  acid,  one  sur- 
face being  rough,  and  the  other  smooth,  a  communication  being  of 
course  established  between  the  fcwq  cells,  C.nutnon  zinc  affords  a 
good  illustration  of  n  simple  galvanic  circle :  this  metal  usually 
contains  about  one  per  cent,  of  iron  mechanically  diffused  through 
it.  On  immersion  into  diluted  sulphuric  acid,  these  small  par* 
tii  lew  of  zinc  and  iron  form  numerous  voltaic  circles,  transmitting 
the  current  through  the  acid  that  moistens  them,  and  liberating  a 
quantity  ef  hydrogen  gas, 

(98)  Sir  B.  Davy's  proposed  Copper  Protectors.  —  In  pi '<<- 

portion  as  the  contact  of  two  metals  in  an  acid  or  saline  solution 
increases  the  nihility  of  one  of  them  for  one  element  of  the  solu- 
tion, it  diminishes  the  liability  of  the  other  metal  to  undergo 
change.  Thus,  when  lino  and  copper  are  united  in  diluted  acid, 
ih"  sine  i-  noted  upon  more,  and  the  copper  few,  than  if  thej  were 
immersed  separately.  A  sheet  of  copper  undergoes  rapid  Corrosion 
in  sea  v.  at<  1 ,  tln>  l'ivi-u  OXychloridfi  being  formed  ;  but  if  it  be 
ooiated  with  another  metal  mora  det&ro-poatNve  than  itself,  such 
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zinr,  it  is  preserved,  and  the  zinc  undergoes  h  chemical  olianLre. 

avy  attempted  in  make  an  important  practical  Application  of  fbia 
fact.  He  found  tlint  the  quantity  of  zinc  requisite  to  effect  a  com- 
plete preservation  of  the  copper  was  proportiomibly  very  small.  A 
small  nail  of  the  former  metal  will  preserve  forty  or  fifty  square 

i-hes  wherever  it  maybe  placed;  nud  lie-  found  that  with  several 
ileces  of  copper  connected  by  filaments,  the  fortieth  of  an  inch  in 
diameter,  the  effect  was  the  same. 

Sheets  of  .upper  protected  by  ?'u  and  To-R  port  of  their  sur- 
face of  zinc,  ami  of  malleable  mnl  east  iron,  wit*'  exposed  daring 
many  weeks  to  the  Bow  of  the  tide  in  Portsmouth  harbour,  their 
weight  before  »ud  after  the  experiment  being'  carefully  noteil. 
AVhen  the  metallic  protector  was  from  -^  to  -j^,,  there  was  no 

rrosion  or  decay  of  the  copper;  with  ^^  to  v\^,  there  was  a 
oss  of  weight:  but  even  T,,'r,r,  part  of  cast  iron  saved  a  portion 
of  the  copper.  It  occurred  to  Davy  that  tliia  principle  might  be 
applied  to  the  preservation  of  the  copper  sheatliing  ol  ships;  but 
unluckily  it  was  found  that,  unless  a  certain  degree  of  corrosion 
:ake9  place  iu  the  copper,  its  surface  becomes  foul  from  the  adhe- 

on  of  sea-weeds  and  shell-fish.     The  oxyi-hloride.  fax 1  when 

the  sheathing  is  unprotected,  acts  probnbly  as  a  poison  to  these 
plants  Bad animals,  and  thus  preserves  the  copper  free  from  foreign 
bodies,  bj  which  the  sailing  of  the  vessel  is  materially  retarded. 
It  was  proposed  by  Reinseh  (Jakrb.  fur  I'rakt.  Phurm.,  vii.  p.  94 1 
to  cover  the  copper  sheathing  of  vessels  with  a  thin  layer  of 
arsenic  in  the  moist  way.     This  coating  would  cost  very  little. 

•Quid  not  be  acted  upon  by  the  salt  water,  and  would  prevent 

■Htt.sctf  from  adhering;  to  the  bottom  of  the  vessel. 


Fl«-  'if. 


(99}  Modification*  of  trie  Simple  Galvanic  Circle, 

1.  7/ie  Original  Cylindrical  Battery.  — Th'u  18 
sbuwn  in  Big;  125.  It  consists  of  n  double  cy- 
linder of  copper  closed  at  the  bottom,  to  contain 
tlit?  iwiil,  ami  a  similar  but  smaller  cylinder  of 
zinc,  which  is  kept  from  teaching  the  soles  ol  the 
copper  by  pieces  nf  corkj  both  ure  furnished  with 
Mires  terminated  by  taps  to  contain  mercury  for 
t  lie  convenience  of  making  ami  breaking  the  cir- 
cuit. Tbe  quantity  of  electricity  Ht  in  BWlloe  Uv 
these  simple  circles,  when  on  a  large  scale,  is  vt-iy 
grent,  but  Lite  intensity  is  very  low.  No  physio- 
logical effects  are  experienced  when  the  body  is 
included  in  tlie  circuit,  nor  is  water  deium  posed; 
their  calorific  powers  are,  however,  so  great  thai 
tlioy  ivcre  called  by  Dr.  Hare  culnrimotors, 

z  1'tpyst  Buttery,  an  nrriuigeii  l-y  him  for  theme 
0/  the  linyu/  fiutituUon. — This  is  shown  in  Fig.  116.     k  <onsisved  q(  *.?\wsX. 
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of  zinc,  anil  one  of  copper,  coiled  round  each  other,  each  being  sixty  feet 
long  and.  two  feet  wtde;  they  were  kept  asunder  by  the  intervention  of  hair 
ropes,  and  suspended  over  a  tub  of  acid,  so  that  by  a  pulley  or  some  other 
simple-,  contrivance  they  could  he  immersed  and  removed.  About  fifty 
gallons  of  dilute  acid  were  required  to  charge  this  battery,  and  its  power 
was  of  course  very  great. 

3.  Smee'a  Platinised  Silver  Datttry. — A  cell  of  this  battery  is  shown  in 
Fig.  1x7.  Its  advantages  consist  in  the  mechanical  help  Which  the  finely 
divided  platinum  on  the  surface  of  the  silver  a fiords  to  the  evolution  of 
hydrogen  gas.  In  the  ordinary  arrangement  of  copper  and  zinc,  or  silver 
and  sine,  the  hydrogen  gas  has  a  tendency  to  adhere  So  the  smooth  surface 
of  the  copper  or  silver  (the  negative  metals),  and  its  presence  in  the  decom- 
posing liquid  has  the  elTect  of  reducing  the  sulphate  of  zinc,  and  causing  a 
deposition  of  metallic  zinc  on   the  negative  metal;  thus  impairing,  and  in 


Biff,  1*6, 


Fig.  117. 


the  course  of  time  stopping,  the  action  of  the  battery.  In  the  platinized 
silver  buttery  a  tine  powder  of  metallic  platinum  is  deposited  on  the  silver 
plate,  This  is  done  by  immersing  the  plate  in  water  to  which  a  little  dilute 
sulphuric  acid  and  solution  of  chloride  of  platinum  have  been  added.  A 
simple  circuit  is  then  formed  by  connecting  the  plate  metallically  with  a 
zinc  plate  placed  in  a  porous  tube  containing  dilute  sulphuric  acid.  After 
a  short  lime  the  silver  becomes  coated  with  reduced  platinum  in  the  form  of 
a  fine  black  powder.  The  surface  of  the  silver  plate  should  be  roughened 
by  brushing  it  over  with  a  little  strung  nitric  acid  previous  to  immersing  it 
in  the  platinum  solution. 

A  sheet  of  platinized  silver  thus  prepared  is  attached  to  a  beam  of  wood, 
and  is  furnished  with  a  binding  screw;  on  either  side  of  it  It  fixed  a  plate 
•  ■f  amalgamated  zinc  varying  from  one-half  to  the  entire  width  of  the  silver ; 
these  plates  are  held  in  their  places  hy  a  binding  screw  sufficiently  wide  to 
embrace  both  the  lines  and  the  wood.    The  arrangement  is  immersed  in  a 
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jar  containing  a  mixture  of  one  part  of  oil  of  vitriol  and  seven  parts  of  water; 
not  the  slightest  effect  ia  produced  till  a  communication  is  made  by  a  cun- 
iluctor  between  t lie  two  metals,  when  torrents  of  hydrogen  gas  escape  from 
the  negative  plate,  and  an  active  voltaic  current  ii  set  in  motion. 

4  DwdtWa  Sulphate  of"  Copper  or  Constant  Battery. — The  bydwgni 
evolved  from  the  negative  plate  of  a  common  galvanic  Lattery  has  a  two- 
fold injurious  tendency.  In  the  fii.it  place,  it  reduces  the  oxide  of  nine, 
and.  deposits  metallic  zinc  on  the  negative  metal,  thereby  greaily  reducing 
the  circulating  force;  and  secondly,  during  the  assumption  of  a  gaseous 
form,  it  interferes  with  ths  development  of  avulluUe  electricity  by  annulling 
a  considerable  portion  of  that  actually  generated.  It  was  a  desirable  object, 
therefore,  to  get  rid  of  it  altogether,  arid  this  Mr.  Daniell  was  the  first  to  « 
He  caused  the  hydrogen  liberated  by  the  decomposition  of  water  in  the 
buttery  tfl  perform  chemical  work,  instead  of  allowing  it  to  escape  as  gaa. 

Fig.  128  represents  a  single  cell  of  the  constant  battery;  it  is  a  cylinder 
of  copper,  in  which  is  placed  a  cylindrical  vessel  made  of 
unglazed  biscuit  ware;  in  this  porous  tube  a  solid  rod  (.1" 
amalgamated  zinc  is  introduced,  care  being  taken  linn  it 
does  not  touch  the  porous  tube  ;  the  copper  vessel  is  filled 
with  a  saturated  solution  of  sulphate  of  copper,  with  a 
little  sulphuric  acid;  the  porous  cell  is  tilled  with  dilute 
sulphuric  acid,  and  on  a  perforated  shelf  fixed  to  the 
upper  part  oi  the  copper  cylinder  crystal*  of  sulphate  of 
copper  are  placed  in  order  to  keep  the  liquid  saturated 
with  the  saline  copper  solution.  On  making  a  conducting 
1  i.mm  mi.  atiori  between  the  two  metals,  waier  ia  as  usual 
lii'otmposed,  but  the  hydrogen,  instead  of  being  given 
nffin  the  form  of  gas.  passes  through  the  porous  cell,  an  .1, 
entering  the  copper  solution,  reduces  the  oxide  of  copper, 
rhite  the  sulphate  of  zinc  is  retained  in  tin  porous  cell.  If  the  shelf  lie 
kept  well  supplied  wilh  crystals  of  sulphate  of  copper,  the  batteiy  will 
maintain  an  equal  action  for  many  hoars. 

The  manner  in  which  the  force  in  transmitted  through  the  cells 
may  be  illustrated  by  the  subjoined  diagram,  where  sulphate  of 
copper  ia  regarded  as  a  compound  of  copper  with  the  compound 
radical  oxyaulphion  (S04),  and  dilute  sulphuric  acid  as  a  compound 
of  hydrogen,  wilh  the  same  radical;  the  brackets  above  the 
symbols  indicate  the  connection  of  the  particles  before  the  plates 
ire  brought  into  contact,  and  those  below,  the  arrangement  a#  «Ji- 
molecule*  idler  the  connection  has  been  made,  a  a  representing  the 
porous  diaphrugni ; — 

A 


Cu   Cu  SO,  C.a   SO,  ^-H   SO,   II  S04   Zn 


When  the  Daniel!  battery  in  required  for  continued  acA\  w  \\ 
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tfl  licti.  r  not  to  amalgamate  the  zinc  plate)  nod  the  batten-  i-  wmv 
constant^  though  not  so  powerful,  when  the  zinc  cell  becomes 
saturated  With  sulphiite  of  zinc,  provided  the  salt  does  not  erystnl- 
fize,  Although  the  porous  cell  retards,  it  does  not  entirely  prevent 
ill-.'  mixing  of  the  solutions,  aud  after  a  time  much  of  the  copper 
solution  escapes  into  the  zinc  cell ;  the  latter  should,  therefore,  be 
larger  than  the  cell  containing  the  copper  solution  when  continued 
action  i»  required.* 

5,  Grtwe't  Nitric  AiU  Buttery. — In  this  arrangement  (he  hydrogen  is  also 
made  (o  do  chemical  work-  The  elements  of  the  battery  are  platinum,,  zinc, 
dilute  aulphuric  acid,  and  nitric  arid  of  common  strength.  The  nine  ele- 
ment i*  a  cylinder  z  (Fig.  129),  open  at  both  ends,  and  ilivided  longitwli- 
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nail  J;  (Ilia  is  plunged  into  a  glass  or  stoneware  vessel  containing  dilute 
aulphuric  acid;  the  platinum  plate  v  (Fig.  130),  which  imiv  be  corrugated 
bo  give  it  greater  surface,  is  immersed  In  .1  porous  cell  containing  nitric  add. 
The  energy  of  this  combination  is  very  great;  the  hydrogen,  on  emerging 
from  the  porous  cell,  encounters  nitric  acid,  which  it  decomposes,  seizing 
oxygen,  with  frhkb  it  re-forms  water,  a  lowei  oxide  of  nitrogen  being  at 
the  same  time  produced  and  dissolved  in  the  nitric  add,  which  accordingly 
changes  colour,  becoming  first  yellow,  then  green,  and  then  blue. 

The  manner  in  which  the  force  is  transmitted  is  exhibited  in  the  follow- 
ing diagram,  where  nitric  acid  is  represented  by  the  symbol  (HN030)  = 
(  1 1  NO,,),  and  1I1I11  it-  sulphuric  acid,  as  before,  by  (HSO+),  the  brackets  above 

♦  A  battery  known  as  the  *  Pile  Mmie  Dmy'  in  which  sulphate  of  mer- 
cury and  carbon  electrodes  are  substituted  for  the  sulphate  of  copper  and 
copper  electrodes  of  the  Daniell  battery,  was  exhibited  1 1 1.  tlio  International 
Exhibition  of  tS6i  by  J.  A.  Delenil,  of  Paris.  This  new  form  ia  clean  and 
constant,  but  iL  m  weaker  than  Daniel l'a  cell ;  it  has  considerable  inlierent 
resistance,  and  is  expensive,  in  the  first  instance,  but  it  has  been  used  to 
■oma  extent  in  France  for  telegraphic  purposes. 
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the  symbols  indicating  the  stale  of  union  of  the  particles  before,  and  those 
below  the  symbols  the  state  of  union  a/let,  the  connection  between  the  zinc 
ami  platiiiiini  has  been  made:— 

D 


Tt     HNOjO    :    HSUj     HS04     Zn 


Part  of  the  nitric  acid  is  resolved  into  water  and  nitrous  acid,  which,  being 
dissolved  in  the  undecoin  posed  nitric  ueid,  renders  it  au  excellent  liquid 
conductor. 

The  superior  power  of  this  battery  is  thus  explained  by  its  author  (£.  and 
E.  Phil.  Mag.,  vol.  xv.  p.  189)  : — *  In  the  coitimon  zinc  and  capper  battery, 
suiting  power  is  the  affinity  of  oxygen  for  sine,  minus  its  affinity  i'm- 
BOpper,  In  the  common  constant  battery  (Daniell's),  it  is  as  the  same -trinity, 
plus  that  of  oxygen  for  nitrogen,  miuus  that  of  oxygen  for  copper  in 
the  nitric  acid  battery,  the  same  order  of  positive  affinities,  minus  lli.it  of 
oxygen  for  nitrogen.  As  nitric  acid  parts  with  its  oxygen  more  readily  than 
oxide  of  copper,  resistance  is  lessened,  and  the  power  correctively  increased. 

'In  the  common  coin bi nation,  zinc  is  precipitated  on  the  negative  metal, 
and  a  powerful  opposed  force  is  created ;  in  the  sulphate  of  copper  baiterv, 
copper  is  precipitated,  and  the  opposition  is  lessened;  in  the  nitric  ami 
I.!  !i  iv,  1  here  is  no  precipitation,  and  consequently  no  counteraction. ' 

6.  liniment  Carbon  Buttery.— The  substitution  of  carbon  for  platinum  in 
the  nitric  acid  battery  was  Ihe  suggestion  of  Lluusen  (Archives  dt  Cfckc- 
triniiC;  No.  viL  p,  103  ;  Pogg.  Ann.,  vol.  iv.  p.  165)'  J  '"-'  carbon  is  prepared 
by  heating  together  in  proper  proportions  a  mixture  of  well-burnt  coke 
an.l  pit-coal,  both  in  tine  powder.  The  mixture  is  lusted  over  a  nn- 1 
charcoal  tire  in  sheet  iron  moulds,  or  in  the  form  of  hollow  cylinders,  trj  in- 
troducing within  the  iron  mould  a  cylindrical  wooden  L..x,nin|  tilling  with  the 
mixture  the  interval  between  the  two  walls.  To  render  the  porous  nasi  com- 
pact, it  is  plunged  into  a  concentrated  solution  of  sugar,  ami  dried  until  the 
sugar  hys  acquired  a  solid  consistence.  It  is  afterwards  exposed  for  several 
hour?  to  the  action  of  very  intense-  heal  in  a  covered  vessel.     It"  discs  are  re- 

ijr. 
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carrying  a.  strip  of  the  same  metal,  by  which  it  can  be  metallically  connected 
by  means  of  pincers  wiib  another  metal  str.ip  soldered  to  the  xinc  cylinder 
in  the  adjoiuing  cell ;  care  must,  however,  lie  takflO  thiit  the  carbon  cylinder 
is  sufficiently  high,  thrtt  tlio  part  which  carries  the  copper  ring  shall  rise 
above  the  glass  vessel,  and  consequently  shall  in  no  way  come  into  contact 
with  the  nitric  acid.  It  is  difficult,  however,  to  prevent  this  in  con  sequence 
of  the  porosity  of  the  carbon,  and  the  ring  most  therefore  be  removed  and 
washed  every  time  the  battery  is  used.  The  porous  earthen  cell  is  placed 
with  the  carbon  cylinder  in  whir-h  is  contained  tilt  Bine  dttiMttt. 

According  to  lJunsen,  with  equal  surfaces,  the  powers  of  a  platinum  and 
carbon  battery  are  nearly  equal;  and  according  to  De  la  Ktve  the  carl  ion 
arrangement  is  constant  for  a  longer  time.  It  is  stated  by  M.  Duchemin 
that  in  a  Bunsen'j  battery  the  nitric  aeid  may  be  replaced  by  perchloride  of 
iron,  and  the  sulphuric  acid  by  a  solution  of  chloride  or  sodium,  or,  still  better, 
by  chloride,  of  potassium. 

(100)  Compound  Voltaic  Circles  or  Batteries.  Voltd'a'pile' 
(Kg,  1 10,  p.  159)  was  the  first  compound  battery  that  was  con- 
structed 5  it  is  easy,,  however,  to  sue  that  many  inconveniences 
must  attach  to  it  when  the  plates  are  numerous ;  in  addition  to 
the  trouble  of  building  it  up,  it  is  frequently  rendered  compara- 
tively inactive  by  the  moisture  pressed  out  of  the  lower  part  by 
the  weight  of  the  upper;  hence  the  substitution  of  troughs  and 
other  arrangements,     Volta'a  '  Courmmes  ties  tmaes''  (Fig.  131)  ia 

Fig.  iji. 
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the  most  Btmple  of  these  arrangements.  This  consists  of  a  row  of 
.small  glasses  or  cups  containing  dilute  sulphuric  acid,  in  each  of 
which  is  placed  a  small  plate  of  copper,  about  two  inches  square, 
and  another  similar  sized  plate  of  zinc,  not  touching  each  other, 
but  so  constructed  that  the  zinc  plate  of  the  first  glass  may  be  In 
metallic  communication  with  the  copper  of  the  second,  the  zinc  of 
(he  second  with  the  cupper  of  the  third,  and  so  on,  throughout 
the  series.  By  this  arrangement,  when  glasses  are  employed,  we 
-■an  see  what   i>.   going   on  in    each   cellj   and  if  the  zinc  plate-  ta 
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aniidgarnated,  it  will  be  oWrrod  that,  when  the  wires  are  con- 
11.  ,b  .1,  anil  coiisrqutiiilv  when  a  current  is  passing,  all  the  copper 
surfaces  are  rapidly  evolving  hydrogen  gas,  while  the  sulution  of 
tin-  zinc  proceeds  quietly;  but  that,  when  th«  u  between 

\\t<-  exlreiue  plates  is  broken,  the  evolution  of  pus  peases.  Eighti-en 
or  twenty  pairs  of  plates  will  decompose  acidulated  water  rapidly, 
aud  thirty  will  give  a  distinct  shock  to  the  moistened  hands. 

a.    Ci'ukkt/irnik'H  Btilterij.      In  tlii."  modification,  fhown   in   Fig. 
1  jjj  the  plntes  are  fixed  in  pairs  in  a  trough  of  wood,  so  thai.  1  be 


i't«-  m 


exciting  liquid,  which  maybe  either  dilute  sulphuric  acid  or  solu- 
tion of  sulphate  of  ropper,  nn  be  c-.imIv  removed  and  renewed. 
3.  Hubitttftuii '$  Battery  (Kg,  134.). — The  plates  of  copper  and 
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zinc,  usually  uln >nt-  i'oui*  inches  square,  are  united'    in   pairs  by 
soldering  at  one  point   only;  the  trough  in   which  ftsfuarafc- 
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mened  ia  mode  of  earthenware,  and  divided  into  tan  or  twelve 
equal  i-Kinpjiviiuenta.  The  plates  are  attached  to  a  strip  of  wood, 
mid  so  arranged  that  each  pair  shall  enclose  a  partiliim  between 
theni;  by  this iirrungenient  the  w-lu-I<-  --i  BMW  be  lifted  at  OHM  into 
or  out  of  the  celb;  niul  thus,  while  the  laid  remain*  in  the  (rough, 
the  action  of  the  plates  may  ba  suspended  at  pleasure,  ami,  when 
c.n  rn.lnl,  ea>ily  replaced.  The  piece  of  wood  to  which  the  platen 
are  attached  should  be  well  dried,  and  then  varnished  in  order  to 
render  it  a  noii-couductor  of  electricity.  When  several  of  these 
troughs  are  to  he  united  together,  it  ia  necessary  to  be  careful  in 
their  arrangement,  an  a  single  trough  reivr&ctf  will  very  nuit^ri.-dly 
diminish  the  general  effect  CaTe  must  also  be  taken  to  DflUl 
perfect-  communication  between  tlie  several  plates. 

4.   Wo'lattm'a  Batten/*— Tha  copper  plnte  is  here  doubled,  - 
to  oppose  it  to  both  surfaces  of  the  zinc,  a*  shown  in  Fig.  135, 
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a  represents  the  bar  of  wood  to  which  the  plates  are  serev. 
i:     11     B    the    zinc    plates    connected    with    the     copper     {dates 

0  1  <:,  which  are  doubled  over  the  zinc  plates.  Contact  of  the 
surfaces  is  prevented  by  pieces  of  wood  or  cork  placed  between 
them.  Ten  or  twelve  troughs  on  this  construction  form  an  efficient 
voltaic  battery. 

5.  DmieWi  Compound  Battery. — A  set  of  six  is  shown  in  Fig. 

1  36,  and  a  large  Set  of  ten  in  Fig.  137.  A  series  of  thirty  cells  of 
tin-  amallei  size,  B*  inches  high  and  three  and  a  half  inches  in  dio- 

.  forcnu  a  powerful  battery  ;  and  a  series  of  seventy  cells  of 
the  larger  sice,  when  arranged  in  a  single  aerie,  between  rliarcoal 
terminals,  produces  a  voltaic  arc  the  heat  of  which  is  sufficient!]? 
intense  to  Rise  bum  of  platinum  one-eighth  of  an  inch  square,  and 
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(0  melt  in  considerable  quantities  the  most  infusible  metals,  such 
as  rhodium,  iridium,  and  titanium. 

In  one  form  or  another,  Daaiell's  battery  is  now  chiefly  used  by 
the  Ifl  : jipli  companies,     A  \irv  1  •■  mi |ia«:t  arrangement  was 

exhibited  at  the  International  Exhibition  of  i86a  by  Messrs. 
Heid  Brothers  i  Juror*  Iirpnrt).  A  glass  trough  is  subdivided 
into  cells  by  Ave  partitions  ;  thiB  cellular  trough  is  formed  of  one 

Fig-  m> 


piece  of  glass.  Each  cell  is  again  subdivided  by  a  porous 
plate,  cemented  at  each  side  and  at  the  bottuin  between  two 
eheeks.  The  zinc  and  copper  plates  connected  in  pairs  stand 
astride  the  glass  partitions,  and  the  subdivisions  are  alternately 
tilled  with  sulphate  of  copper  and  acidulated  water.  Una  lmltery 
is  strong  and  portable,  but  the  porous  plates,  when  worn  out,  can 
only  be  removed  and  replaced  with  difHeulty, 

6.  Smaeti  C&mpomiil  finUn-r/.-  A  set  of  six  cells, arranged  for  in- 
tensity effects,  is  shown  in  Fig.  138;  the  plates  are  raised  from,  and 
immersed  into,  the  cells  by  means  of  a  winding  appurnt  us.  A 
banes  of  ten  or  twelve  forms  au  efficient  battery.  It  is  important 
in  using  this  arrangement  to  take  care  that  no  suit  of  copper,  lead, 
'ii-  other  base  metal  be  dropped  intu  the  exciting  liquid,  as  in  tlmi 
case  there  is  a  chance  of  getting  a  deposit  on  the  negative  metal. 
A    useful   form  -   buttery   for  telegraphic   purposes   was 

exhibited  at  the  International  Exhibition  of  i86i   by   E.  'S^«k 
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(Jierurs'  Itepotf),  The  zinc  plates  can  be  readily  removed,  cleaned, 
and  replaced;  they  lie  in  a  saucer  of  iiieivuvy,  which  fulfils  the 
double  purpose  of  maintaining  the-  zinc  constantly  amalgamated, 
and  of  making  contact  between  the  copper  and  ainc  strip  whieh 
connects  the  zinc  with  a  platinised  silver  plute  in  the  next  cell. 
This  copper  strip  is  insulated  by  gutta-percha  except  where  covered 
by  the  mercury.  Very  little  local  action  can  take  place  owing  to 
the  thorough  and  constant  amalgamation  of  the  zinc;  and,  there- 
fore, if  the  circuit  be  only  occasionally  closed  for  short  periods,  it 
Will  remain  Tfflfy  constant.     Mr.  Walker  substitutes  graphite  for 

v\e.  n». 


platinized  silver  in  his  modification  of  Sinee's  battery,  and  he  has 
more  recently  platinized  the  graphite,  by  which,  be  states,  the 
liberation  of  hydrogen  ia  much  facilitated,  and  polarization,  one 
great  defect  of  single  fluid  batteries,  much  diminished.  The  BOSi 
oftbl .- platinising  process  is  about  one  halfpenny  per  plate  of  7  inches 
by  3  inches.  The  platinized  plates  are  said  also  to  keep  much 
cleaner  than  the  simple  graphite  plates, 

7.  (fniiu'«  Compound  Battery. — A  set  of  four  cells  arranged  in 
series  is  represented  in  Fig.  139,  and  in  section,  Fig.  140,  and  the 
first  set  of  plates  removed  from  the  porcelain  through  i>  show* 
dearly  the  WMOgetaent.  .1  a  it  the  bent  zinc  plate,  b  the  pint i- 
num  plate  in  its  porous  cell,  c  the  next  platinum  plate,  connected 
by  means  of  a  binding  screw  with  the  zinc  at  a. 

A  series  of  five  cells  of  this  battery,  containing  altogether  about  four 
square  feet  of  platinum,  liberated  From  acidulated  water  1 10  cubic  inches  of 
oxygen  and  hydrogen  gitses  per  minute.  A  series  of  fifty  cells,  the  plitinam 
plates  being  two  incbes  by  four,  produced  between  charcoal  points  a  voluiui- 
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stout  iron  wire  are  heated  to  ■whi(eriPS!«,  and  ultimately  fiiwul  |  «n<l  eulpburct 
of  antimony  is  decompose!),  am!  tin1  metal  brilliantly  deftagmtad. 

(101)  Passive  State  of  Iron. — When  irrni  wire  is  immeiv at  I 
in  nitric  acid  (&p.  gr.  1-35),  it  is  attacked  with  violence;  bat  it 
ff«B  first  noticed  by  Sir  John  HerecheU  that,  if  the  wire  !»■  aswu- 
riatod  with  n  piece  of  gold  or  of  platinum,  it  is  quite  inactive  in 
add  of  that  strength,  Ones  tondaiag  the  wire  while  in  the  acid 
with  platinum  or  gold  is  smrlicierit  to  render  it  inactive,  and  to 
cause  it  to  continue  so,  even  after  (lie  removal  of  the  platinum-  or 
gold,  hut  on  tnuL'hing  il  with  another  piece  of  iron  or  sine  wire,  ii 
is  immediately  powerfully  acted  upon.  Heat  ha.*  a  similar  effect 
in  causing  iron  wire  to  assume  an  inactive  state:  if  one-half  of  a 
piece  of  wire  ho  heated  in  a  spirit-lamp  until  a  blue  tinge  is  visible, 
and  then  allowed  to  cool,  the  end  that  has  been  healed  is  quite 
passive  in  nitric  ncid,  the  unhealed  end  being  powerfully  acted 
upon;  if  now  the  heated  end!  be  rubbed  bright  with  sand-paper, 
its  active  condition  ia  restored. 

When  an  inactive  wire  and  aue  that  is  active  are  dipped  into 
a  glass  containing  nitric  acid,  and  made  to  touch  above  the  liquid, 
in  linn  is  excited  in  the  indifferent  whv. 

When  an  active  wire  is  associated  with  a  passive  wire,  and  both 
plunged  into  the  acid,  the  passive  wire  entering  the  liquid  Jird}  the 
active  wire  is  rendered  passive  ;  this  wire  will  now  render,  anothei 
common  iron  wire  passive,  the  second  wire  will  destroy  the  activity 
of  a  third  wire,  and  so  on ;  if  the  wires  be  removed  from  the  acid, 
wiped,  and  then  reintroduced,  their  active  condition  is  found  to 
be  restored  ;  hut  they  are  again  rendered  passive  by  repeating  the 
process  above  described. 

When  an  iron  wins  protected  by  platinum  ia  immersed  in  a 
solution  of  nitrate  of  copper  in  nitric  acid,  it  remains  bright  j  if  the 
protecting  platinum  be  removed  immediately  after  the  immersion 
of  the  associated  metals  in  the  saline  solution,  metallic  cop 

Derail;  immediately  precipitated  upon  the  iron  wire,  but  if  the 
two  metals  be  allowed  to  remain  in  contact  for  an  hour  or  so,  the 
iron  wire  will  retain  ita  brightness  in  the  solution  for  any  length 
of  time,  if  undisturbed. 

If  a  long  passive  wire  be  placed  in  a  vessel  containing  ni 
acid,  and  a  piece  of  ordinary  iron  wire  bent  into  the  form  of  a  fork 
be  slid  down  it  into  the  acid,  it  assumes  the  passive  condition  ;  if 
the  long  wire  be  removed,  the  fork  continues  inactive,  but  is  in* 
stoutly  thrown  into  action  by  touching  it  with  another  piece  of 
ordinary  wire.  * 

Let  one  end  of  a  platinum  wire  be  connected  with  one  extremity 
of  a  galvanometer,  and  let  the  other  dip  into  a  glass  containing 
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nitric  acid;  if  BOW  one  cinl  of  a  piece  of  ordinary  'am  WJM  Im 
connected  with  the  other  extremity  of  the  galvanometer,  end  the 
.iji|Misi(i'  rml  ill'  tin*  wife  dipped  into  the  acid,  the  hitter  will  he 
found  to  have  no  nation  upon  it,  and  the  needle  of  the  galvanometer 
■will  remain  stationary :  let  it  now  he  touched  with  an  ordinary- 
iron  or  /iac  wire,  it  will  immediately  .shirt  into  nctivil  y,  und  the 
needle  of  the  galvanometer  will  be  violently  deflected.  In  this 
experiment  ■  piece  of  iron  wire  that  baa  been  rendered  inactive 
may  be  substituted  for  the  platinum  wire. 

If  several  glasses  be  filled  with  nitric  »'-v\.  and  eonned 
gather  b\  urea  of  associated  platinum  and  iron  wires,  the  circuit 
lieing  established,  as  in  the  Move  experiment,  through  the  galva- 
nometer, the  wires  in  all  Sha  gilMWQn  will  remaio  passive  until 
lie-  iron  in  one  is  touched  in  the  acid  by  au  m-diuary  wire;  the 
wires  in  all  the  glasses  are  then  thrown  into  activity,  the  galvauo- 
I    r  being"  powerfully  deflected. 

A   voltaic  battery  consisting  of  zinc  and  passive  wire,  or  of 

passive  and  active  iron,  in  either  case  exeited  after  the  manner  of 

..  <  Jrove'a  battery,  wan  described  by  Professor  Sehoii  be  in;  its  power 

as  stated  to  be  very  great;  it  is  not,  however,  an  arrangement 

b|  reemmiiended. 

8.  Cation' a  Compound  Cad  Lon  Batttvy. — Cast  iron  and  zinc 
t.irni  an  effective  voltaic  circle.    Mr.  Sturgeon  first  suggested  the 
use  of  these  metals  (Annals  of  Elevti-u-ihi,  vol.   v.).     A  prodi- 
gioua  buttery,  the.  largest  probably  that  was  ever  inailr,  was  con- 
structed by  Proiessor  Callan,  of  Mayimotli,  out  iron  being  the 
negative  element  ( I'/iU.  Mag*,  rol.  wviii.  +9).    ii  comeuted  of  300 
cast-iron  cells,  each  containing  a  porous  cylinder  holding  a  vino 
e  four  inches  square  ;  1 10  cast-iron  cells,  each  holding  a  porous 
cylinder  and  zinc  plate  six  inches  by  four;  and  177  cast-iron  cells, 
containing  a poroue cell  and  a  sine  plate  six  inches  square. 
The  entire  battery  consisted  therefore  of  577  voltaic  circles,  con- 
taining itinrhi-xi.r  square  feet  of  zinc,  and  about  tire,  hundred BQUftM 
of  cast  iron.  It  was  charged  by  pouring  into  each  east-iron  call 
nurture  of  twelve  parts  of  concentrated  nitric  acid  and  eleven 
and  a  half  of  strong  oil  Of  vitriol,  and  by  filling  to  a  proper  height 
porous  ivll  with  dilate  nitro-sulphuric  acid,  consisting  of  about 
five  parts  of  sulphuric  acid,  two  of  nitric,  and  forty-rive  of  water. 
In  charging  the  entire  battery,  there  were  used  about  fourteen 
gallons  1  if  nitric  and  sixteen  gallons  of  sulphuric  acid. 

The  discharge  of  this  battery  through  a  very  large  turkey  instantly  killed 
it.  In  order  to  give  the  ghotk,  n  pkca  of  tin-foil  about  four  inches  squnre 
wag  placed  under  such  wing,  ah>ng  the  side* of  the  bird,  which  worftproviaaaly 
stripped  of  their  feathers  uiid  moistened  with  dilute  add.     The  foil  toa^k^. 
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in  close  contact  with  the  skin  by  pressing  the  wings  agnin>t  tlif  ■fides.     The 
person  who  held  lln«  bird  had  a  very  thick  cloth  between  each  hand  an 
wing  in  order  to  save  him  from  the  shuck.     When  the  discharge  took  place, 
the  craw  of  the  turkey  was  burst. 

When  a  copper  wire  in  connection  with  the  negative  end  of  the  bin 
ma  put  in  contact  with  a  brass  ring  connected  with  the  positive  end,  a 
brilliant  light  was  instantly  produced.     The  copper  wire   was   gradually 
separated  from  the  brass  ring  until  the  arc  of  light  was  broken.  The  greatest 
length  of  the  arc  was  aboatjice  inches. 

z)  The  Water  Battery. — When  a  series  of  some  hundred 
oouplea  of  rino  and  copper  are  arranged  voltaically,  and  charged 
«tlli  Common  water,  n  buttery  is  obtained,  the  electricity  of  wbioh 
is  of  n  high  degree  of  intensity,  resembling  that  of  the  common 
electrical  machine  ;  indeed,  by  connecting  the  extremities  of  sm-h 
an  arrangement  with  the  inner  and  outer  coatings  of  a  1-eyden 
battery,  it  becomes  charged  so  instantly  that  almost  continuous 
discharges  may  be  produced. 

Mr.  Crosse  arranged  2,400  pairs  of  copper  and  zinc  plates,  paying 
f»rviLt   attention   to  iiasnlntiuii.      When   the  opposite  poleo   of 
series  were  connected  with  the  inner  and  outer  coatings  of  a  Lej 
battery  containing  73  feet  of  surface,  a  continued   charge  was 
maintained,  each  discharge  being  accompanied  by  a  loud  report, 
piercing  letter-paper,  and  fusing  silver  leaf  and  platinum  wire. 

Mr.  Graaaiot  subsequently  constructed  a  water  battery  of  3,510 
pairs  of  copper  and  zinc  cylinders,  each  pair  being  placed  in  a 
separate  glass  vessel,  well  covered  with  a  coating  of  lac  varni-li. 
Notwithstanding  all  the  precautions  taken,  the  insulation  was  still 
imperfect,  nor  do  a  perfect,  insulation  seem  attainable  fur  urn 
lengthened  period  with  such  au  extended  Beries.  The  folio.1 
experiments  with  this  battery   arc   described  by  Mr.  Gassiot  (PM. 

Thmc.]  1844): — 

'  IJn  connecting  the  CO] 
wire  fnim  the  extreme  cells 
with  the  plates  a  0  of  the 
double  electroscope  (Fig.  141), 
the  condensing  plate  p  being 
removed,  this  instantly  pro- 
duced a  considerable  and  steady 
divergence  of  the  leaves;  and 
on  applying  the  usual  tests, 
the  plate  b,  connected  wiih  the 
<"l>piT  extremity,  gave  signs 
of  poiifi'ie,  and  a,  connected 
with  tin-  sine,  signs  of  negative 
electricity.  If  a  was  connected 
with  one  extremity  of  the  bat- 
tery, the  other  extremity  being  connected  or  not  with  the  ground,  the  snnm 
general  effects  occurred;  the  divergence  of  the  leaves  corresponded  with  the 
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•■ounce! ion,  and  the  leaves  of  b  diverged  by  induction  ;  if  in  this  slate  b  was 
touched,  ami  then  removed  from  the  influence  of  u,  it  was  found  to  be 
charged  with  ihe  oprmaite  electricit}'. 

'The  assumption  of  polar  tension  by  the  elements  constituting  the  battcrv, 
before  the  circuit  wot  completed,  was  shown,  not  only  by  the  effect  on  the 
leaves  of  the  electroscope  when  placed  within  two  or  three  inches  of  either 
end  of  the  battery,  or  over  either  of  the  terminal  cells,  lint  by  the  produc- 
tion of  a  tporh  between  the  terminal  wires  through  a  space  of  one- fiftieth  of 
an  inch.  When  Ihe.  double  electroscope  (Fig.  141)  was  included  in  the  cir- 
cuit, and  the  discs  a  and  h  closely  approximated,  the  sparks  became  a  stream 
of  firr.,  which  on  one  occasion  were  continued  uninterruptedly  for  upwards 
of  live  weeks.  An  experimenter  standing  on  the  ground  could  draw  sparks 
from  either  terminal. 

"  For  testing  the  presence  of  what  is  usually  called  the  current,  i«..  trays 
containing  160  ceils  of  the  Lattery  were  removed  and  most  carefully  insu- 
lated. A  very  delicate  galvanometer  was  interposed  between  the  zinc  ter- 
minal of  one  tray  and  the  copper  terminal  of  the  other,  but  not  the  slightest 
deflection  of  Ihe  needle  took  [dace,  neither  was  there  the  slightest  indication 
of  the  liberation  of  iodine  when  a  piece  of  bibulous  paper  saturated  with 
iodide  of  potassium  was  substituted  for  Ihe  galvanometer;  the  inference 
from  which  is,  that  there  was  no  definite  chemical  action  taking  place  in 
any  cell  >of  the  battery,  and  that  the  electric  or  static  effects  take  place  be/bra 
or  independently  of  the  actual  development  of  the  ckemicul  ejf'ects, 

•A  copper  wire  attached  to  the  negative  end  of  the  battery  was  connected 
with  the  galvanometer,  and  this  with  the  plate  a  of  the  double  electroaoope 
(fftf.  141 );  a  platinum  wire  attached  to  the  positive  end  rested  on  a  piece 
of  bibulous  paper  moistened  with  iodide  of  potassium  ;  another  wire  also 
resting  on  the  paper  was  connected  with  the  plate  b  of  the  electroscope, 
mechanical  arrangement  the  plates  could  be  approximated  or  separated 
ired.  On  approximating  the  plates  so  as  to  permit  sparks  to  pass  at 
intervals  of  about  a  .second,  a.  tremulous  motion  was  imparled  to  Ihe  needle 
of  the  galvanometer,  but  when  they  were  brought  so  nearly  in  contact  as 
in  permit  the  discharges  to  take  place  in  quick  succession,  the  needle  was 
steadily  deflected,  and  iodine  was  freely  evolved,  proving  that  chemical 
action  was  taking  place  in  each  cell,  and  that  the  current  is  a  collection  or 
accumulation  of  discharges  of  electricity  of  tension.  When  320  cells  were 
■■mploynl,  ihe  greatest  care  being  taken  to  insure  perfect  insulation,  not  the 
slightest  evidence  of  any  chemical  action  taking  place  in  the  cells  ctnild  be 
Obtained  previous  to  i-uinpleting  the  circuit,  although  there  was  sufficient 
intensity  to  elicit  sparks  through  jln  of  an  inch.' 

The  following  conclusions  -were  deduced  by  Mr.  Gkusiol  from 
hi*  experiments  with  this  extraordinary  battery  : — 

j,  That  the  elements  constituting  the  voltaic  battery  assume /jo/ur  tension 
before  the  circuit  is  OOIttpletO. 

2.  That  this  tension,  when  esalted  by  a  series  of  pairs,  is  such  that 
sparks  will  pass  between  Ihe  terminals  of  the  battery  before  their  actual 
contact. 

3.  That  (hem  static  effects  precede  and  are  independent  of  the  completion 
of  Hie  voltaic  circuit,  as  well  as  of  any  perceptible  development  of  chemical 
or  dynamic  action. 
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4.  Thai  tin."  iiiiioMt  iiiuv  in-  regarded  sa  aeories  of  discharges  of  eUctti 
of  tension  succeeding  each  other  With  infinite  rapidity. 

5.  That  the  rlM  of  tension  in  a  battery  occupies  a  measurable  portion  of 
time.  , 

6.  That  the  static  effects  elicited  from  a  voltaic  series  aru  a  direct  evi- 
of  the  liir  i  step  tOMWda  chemical  combination  or  dynamic  action. 

(103}  Polar  Tension  before  Contact  in  a  Single  Cell. — 

With  tin;  uiil  of  the  electroscope  «diowu  in  Fig1.  142,  the  Ret". 
Charles  Pritchard  (1'hti.  Trtius.,  1S44)  succeeded  in  obtaining; 
ugus  of  ii'ii-ioii  before  oantact  in  a  tangle  cell  of  ■  roltaic  bal 
a  is  ft  glass  > < - — .^-1  -1 ,  (In-  stem  ui'  which  in  well  coated  with  lac; 
B  r.'  two  copper  wires  paeerag  through  glass  tubes  and  corks ;  D  t> 
gilt  discs',  each  nbout  two  inches  io  diameter,  attached  to  the  w 

p  a  copper  plate  with  a  wire  pi 
through  h  glnss  tube;  to  the  end  of 
this  wire  ta  attached  a  narrow  lip  o! 
gold  leaf,  l.  The  discs  11111-1  hi-  ad- 
justed with  care,  so  as  to  allow  the 
leaf  to  be  equidistant  from  each,  tt 
a  be  connected  bj  a  wii 
to  thf  11lntimn.it.  ami  »'  I"  another 
wice  attached  to  the  zini-  of  a  single 
Cell  of  the  nitric  .arid  batten  insu- 
lated on  a  plate  of  lac,  and  if  an 
excited  glass  rod  be  approximated 
very  gradually  towurds  tin-  plate  P, 
th"  gold  leaf  will  he  attracted  to  11  . 
or  the  disc  attached  to  tin-  sine;  mul 
if  a  stick  of  excited  resin  be  approximated  m  a  similar  maimer, 
the  gold  leal"  will  be  attract- d  to  11.  or  the  metallic  disc  attached 
to  the  platinum. 

(104)  Polarization:  Secondary  Batteries. — If  ft  piece  of 
moistened  paper  be  placed  ou  n  slip  of  glass,  and  made  to  complete 
the  circuit  of  a  voltaic  battery,  it  is  found  to  become  electro-polar, 
that  its.  that  half  which  was  in  contact  with  the  positive  extre- 
mity of  the  battery  becomes  positive,  and  that  portion  ne\t  the 
negative  end  becomes  negative,  rind  this  electrieid  condition  01 
the  paper  remains  for  some  time  after  its  removal  from  between 
the  poles  of  the  battery,  provided  its  insulation  lie  maintained. 
Thir-  fact  was  first  observed  by  Volta,  and  it  occurred  to  Hitter 
,  pHe  might  be  oonstarueted  of  alternations  of  moistened  cloth 
and  a  single  metal,  whioh  should  theoreticall)  receive  a  charge 
similar  to  that  of  the  moistened  paper,  by  being  placed  in  con- 
ducting r-iiiimioiii-iilinii  with  the  opposite  extremities  of  a  roltttlC 

pile.    On  trying  the  experiment,  he  found  Buch  to  bo  the 
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tin-  pile  which  he  teamed  the  '  secondary  '  pile  retaining  its  1 
trical  state,  and  exhibiting  electrical  phenomena  similar  to  that  of 
the  *  primary '  pile  for  some  time  after  its  connection  with  the 
latter  la  broken.  Jn  like  manner,  ft  number  of  plates  of  the 
metal,  platinum,  or  lead,  may  tie  polarised  by  passing*  a  ouxxenl 
from  a  voltaic  battery  through  them ;  on  breaking  contact  the 
s  of  a  voltaic  pile  are  for  a  short  period  obtained  from  the 
'secondary  battery.  The  same  sort  of  pularizatiun  is  produced  in.  a 
single  pair  of  platinum  plates  by  connecting  them  with  the  poles 
of  a  battery  while  immersed  in  common  or  acidulated  water,  the 
effect  biing  due  to  the  films  of  hydrogi  n  and  oxygen  which  collect 
on  the  negative  and  poauare  plates  respectively,  us  may  be  proved 

illlDgxng  the  plate  which  had  'Men  -t  * « >  1 1 1  ■  •  •  -  i  -  - 1  willi  ilie  jiusitivi- 
pole  of  the  battery  into  a  graduated  tube  filled  with  bydTQBjBD, 
iiiiil  the  other  into  a  tube  rilled  with  oxygen  ;  both  gases  are  gradu- 
ally absorbed,  the  hydrogen  disappearing  twice  as  fast  as  the  <>w 
Indeed,  a  pair  of  platinum  plates  may  be  polarized  without  the  aid 
of  a  voltaic  battery,  namely,  by  Bimply  plunging  one  plate  into  a 
jar  of  hydrogen,  and  the  other  in  ajar  of  oxygen  gas.  If  the  two 
plates  be  now  connected  with  a  galvanometer,  and  quickly  plunged 
into  water,  a  current  is  obtained,  passing  from  the  plate  which 
Lad  bean  immersed  in  the  hydrogen  through  the  liquid  to  that 
which  had  been  immersed  in  the  OXygen. 

A  secondary  battery  of  great  power  is  described  by  Planie 
Eendtu,  March  26,  i860).  Be  states,  that  a  battery  with 
electrodes  of  lead  has  a^  times  the  electromotive  force  of  one  with 
electrodes  of  platinised  platinum,  and  6  times  as  great  as  thai  of 
one  with  ordinary  platinum.  This  great  power  arises  from  the 
powerful  affinity  existing  between  peroxide  of  lead  and  hi/drw/t'ti, 
1  (act  first  noticed  by  Iv  la  Rive, 

The  secondary  battery  recommended  by  Haute"  has  i  he  follow- 
ing construction : — 

It  consists  of  nine  elements,  presenting  a  total  surface  of  10  square  metres. 
Each  element  is  farmed  of  two  large  lead  plates  rolled  into  a  spiral,  and 
separated  by  coarse  cloth,  and  immersed  in  water  acidulated  wild  T'n  <vl 
sulphuric  acid.  The  kind  of  current  used  to  excite  this  battery  depends  on 
the  manner  in  which  the  secondary  couples  are  arranged.  If  they  are  ar- 
ranged  so  as  to  give  three  elements  of  triple  snrfuce,  five  small  ihinsen's 
cells,  the  zincs  of  which  are  immersed  to  a  depth  of  7  centimetres,  are  suf- 
ficient to  give,  after  a  few  minutes'  action,  a  spark  of  extraordinary  Intensity 
when  the  current  is  closed.  The  apparatus  plays  in  fact  just  tho  part  of  a 
CDBdenaer,  for  by  its  means  the  work  performed  by  the  battery  after  the 
lapse  nf  n  certain  time  may  he  collected  in  an  instant. 

An  idea  of  tho  intensity  of  the  charge  will  he  obtained  by  remembering 
ttat»  to  prodaee  echnihti  effect,  it  would  be  necessary  to  arrange  300  Bunsen's 
elements  of  the  ordinary  size  ^13  centimetres  in  height),  40  &%  Xfiforvataw  we 
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five  elements  of  ji  square  metres  of  surface,  or  three  elements  of  still  greater 
surface. 

If  the  secondary  batter?  be  arranged  for  intensity,  the  principal  battery 
sbould  be  formed  of  a  number  of  elements  sufficient  to  overcome  the  i  ■ . 
rf'liKjtromotive  force  Developed.     For  Nine  secondary  elements,  about  15  Bun- 
sen's  cells  should  be  taken,  which  might,  however,  be  very  small. 

From  the  malleability  or'  the  metal  employed,  this  battery  is  readily  con- 
structed. By  making  the  plates  of  lead  sufficiently  thin,  a  large  surface  may 
be  placed  in  a  small  space. 

The  nine  elements  used  by  Plante"  are  placed  in  a  box  36  centi- 
metres square,  tilled  with  liquid  once  for  all,  and  placed  in  closed 
jars,  so  as  to  be  ready  for  immediate  use  whenever  it  is  desired 
to  procure  by  means  of  a  weak  battery  powerful  discharges  of 
dynamic  electricity.  The  use  of  secondary  electric  currents  for 
telegraphic  purposes  bad  been  previously  proposed  by  Jacobi. 

(105)  THe  Ou  Battery. — Mr.  Grove  succeeded  in  obtaining-  a 
continuous  current  from  the  secondary  currents  produced  by  polar- 
ized plates,  and  in  constructing  a  perfectly  novel  battery,  in  which 
thy  active  elements  are  gases  (Phil.  M"*/.,  L>ec.  18+2  ;  PWt  Trans., 
part  ii.  1843,  and  part  ii.  1845).  It  consisted  originally  of  R  series 
of  50  pairs  of  platinized  platinum  plates,  each  about  a  quarter  of 
an  inch  wide,  enclosed  in  tubes  parti  ally  filled  alternately  with 
oxygen  and  hydrogen  gases,  as  shown  in  Fig.  143.     The  liquid  in 

Fig.  141 . 


Is- 


the  tubes  was  dilute  sulphuric  acid  (sp.  gr.  r»),  and  the  following 
effects  were  produced  : — 

1.  A  shock  was  given  which  could  be  felt  by  five  persona  joining  hands, 
and  which,  when  taken  by  a  single  person,  was  painful. 

2.  The  needle  of  a  galvanometer  was  whirled  round,  and  stood  at  about 
6o°;  with  one  person  interposed  in  the  circuit,  it  stood  at  400,  and  was 
slightly  deflected  when  two  were  interposed. 
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3.  A  brilliant  spark,  visible  in  bro.id  daylight,  was  obtained  between 
cliarcoul  terminals. 

4.  Iodine  of  potassium,  hydriodic  acid,  and  water  acidulated  with  sul- 
phaiia  acid  were  severally  decomposed ;  the  gas  from  the  decomposed  water 
was  eliminated  in  sufficient  quantity  to  be  collected  and  detonated,  The 
gases  were  evolved  in  the  direction  denoted  in  the  figure,  i.  e.,  as  the  chemi- 
cal theory  and  as  experience  would  indicate,  the  hydrogen  travelling'  in  one 
direction  throughout  the  circuit,  and  the  oxygen  in  tin'  reverse.  It  was 
Rnuid  that  twenty-six  pairs  were  the  smallest  number  that  would  decompose 
water,  but  that  four  pairs  would  decompose  iodide  of  potassium. 

5.  A  gold-leaf  electroscope  was  notably  affected. 

Winn  the  tubes  were  filled  with  atmospheric  nir,  no  efhVt.  w.o 
produced,   nor  was   any  current 
doteriuiiD'tl  wlirii   the  gases  em-  "•'  '++■ 

ployed  were  carbonic  acid  and  ni-  « 

trogeti,  or  oxygen  and  nitrogen. 

In  order  conveniently  to  ex- 
amine the  gases  either  after  or 
during  an  experiment,  without 
changing  the  liquid  in  which  the 
tubes  were  immersed,  Mr.  Grove 
adopted  the  form  of  cells  shown 
in  Figs.  144  and  145. 

h  c  d  r  is  a  parallelepiped  glass 
or  stoneware  vessel.  The  tubes  are 
■  1  iv i  1I1  pii-ees  of  wood,  a  6,  «  c, 
aud  can  with  the  wood  he  separately 
detached  from  the  trough,  as  seen  in 
Fig.  145.  At  the  aperture  or  space  a  a 
between  the  tubes,  tin  re  is  just  suffi- 
cient room  tor  a  linger  to  enter,  close  the  orifice  of  either  tube,  and  thus  remove 

Fta  146. 
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the  tube,  and  brought  into  communication  with  a  binding  screw  fixed  into 
the  wood.  A  battery  of  five  cells  thus  arranged,  charged  with  oxygen  and 
hydrogen  gases,  and  connected  with  an  apparatus  for  decomposing  water,  is 
shown  in  Fig.  145.  With  the  battery  of  50  of  these  cells  there  wa»  but  a 
trifling  difference  in  the  rise  of  the  liquid  in  all  the  cells,  and  the  rise  of  gas 
in  the  decomposing  apparatus  was  exactly  in  the  same  proportion.  The  hy- 
drogen tube  is  analogous  to  the  zinc  plate  of  an  ordinary  voltaic  battery. 

The  following  results  were  obtained  with  other  gases,  ten  cells 
being  employed : — 

No  effect  on  iodide  of  potassium. 
Very  slight,  soon  ceasing. 
.    Yery  feeble,  but  continuous. 

{Notable  effects.  Slight  symptoms 
of  decomposing  water. 
(Considerable     action     at     first, 
*  I     scarcely  perceptible  in  24  hours. 
.    About  the  same. 
§  Powerful  effects.    Two  cells  de- 
(     composing  water. 

{Good.     Ten    cells    decomposing 
.  water. 
.     Feeble. 


Oxygen  and  protoxide  of  nitrogen 
Oxygen  and  deutoxide  of  ditto 
Oxygen  and  olefiant  gas  . 


Tig.  !47- 


Oxygen  and  carbonic  oxide 

Oxygen  and  chlorine 

Chlorine  and  dilute  sulphuric  acid 

Chlorine  and  hydrogen    . 

Chlorine  and  carbonic  oxide    . 

Chlorine  and  olefiant  gas 

"With  respect  to  the  theory  of  the  gas  battery,  Mr.  Grove  re- 
marks : — 

'  Applying  the  theory  of  Grotthus  to  the  gas  battery,  we  may  suppose  that, 
when  the  circuit  is  completed  at  each  point  of  contact  of  oxygen,  water  and 

platinum  in  the  oxygen  tube,  a  molecule 
of  hydrogen  leaves  its  associated  molecule 
of  oxygen  to  unite  with  one  of  the  free 
gas ;  the  oxygen  thus  thrown  off  unites 
with  the  hydrogen  of  the  adjoining  mole- 
cule of  water,  and  so  on,  until  the  last 
molecule  of  oxygen  unites  with  a  molecule 
of  the  free  hydrogen :  or  the  action  may 
conversely  be  assumed  to  commence  in 
the  tube  containing  the  hydrogen.' 

The  form  of  gas  battery  employed 
by  Mr.  Grove  in  his  later  experi- 
ments is  shown  in  Fig.  147.  It 
possesses  the  advantage  of  entirely 
preventing  the  interfering  action  of 
the  atmosphere.  In  this  arrange- 
ment oxygen  and  deutoxide  of  ni- 
trogen gave  a  continuous  current: 
and  a  permanent  deflection  of  the 
galvanometer  was  produced  when  a 
piece  of  phosphorus  was  suspended 
in    one   of  the  tubes   filled  with  nitrogen,   the  other  containing 
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oxygen,  the  product  being  phosphorous  acid;  mid  a  curious  in- 
stance was  exhibited  of  the  employment  of  a  solid  taaolable  non- 
conductor, and  the  existence  of  a  continuous  voltaic  current,  and 
!  bftte  combustion,  the  combustible  and  the  vmubrinutt  being  at 
a  distance  :  phosphorite  burned  by  oxygen,  whi< sfa  i-  from 

it  by  strata  both  of  water  and  gas  of  indefinite  length, 

A  current  was  likewise  produced  by  sulphur  in  nitrogen,  the 
snljjli  in-  b'-iiitr  contained  in  a  little  capsule  of  glass  that  could  be 
heated  by  a  small  hoop  of  iron  with  a  handle,  as  shown  in  the 
figure.  The  moment  the  sulphur  entered  into  fusion,  the  a 
of  the  galvanometer  moved,  and  it  continued  detieeted  during  the 
whole  time  it  remained  in  the  fused  state.  Various  other  sub- 
stances, such  as  camphor,  aU  <•/  turpentine,  oil  of  cassia,  ateohoif 
dim-,  fee,  were  thus  tried,  and  all  produced  notubLe  eU'cuts. 
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Simple  ami  Compound  Circles— Ohm's  Law  and  it.«  Applications — Wheat- 
Btone's  Ufiilgu,  Rheostat,  and  Lisistiince  L'oiIb — Standards  of  Electrical 

lu.'iistiilli.'i\ 

i  ic'm   Simple  and  Compound  Voltaic  Circles.       ['In'  t/ucntihi 

of  electricity  set  in  motion  by  a  simple  voltaic  circle  when  the 
plates  are  large  is  very  great,  though  it?  intensify,  ox  its  power,  of 
coming  resistances,  La  low.  The  energy  depends  on  the  size  of 
the  plates,  the  intensity  of  tb"  chemical  action  on  the  oxidizable 
metal,  the  rapidity  of  its  oxidation,  and  the  speedy  removal  of  the 
oxide.  In  the  smallest  voltaic  circle  the  quantity  of  electricity 
thrown  into  circulation  is  almost  infinitely  greater  than  thnt  from 
the  ordinary  electrical  machine:  indeed,  it  bus  been  shown  8rj 
Faraday  |  Er,  Reseat.}  371  et  &g-),  that  two  wires,  one  of  platinum 
and  one  of  zinc,  each  Otie-eif/Meerifli  of  an  inch  in  diameter,  placed 
rUhs  <>f  an  inch  apart,  and  immersed  to  the  depth  ofjSw- 
tfighihe  of  an  inch  in  acid  consisting  of  one  drop  of  oil  of  vitriol  and 
four  ounce*  of  distilled  water,  at  a  temperature  of  about  60''.  and 
connected  at  the  other  extremities  by  a  copper  wire  eighteen  feet 
long  and  one-eighteenth  of  an  inch  thick,  yield  as  much  elec- 
trieiiy  in  eight  beats  of  a  watch,  OT-jf^of  a  minute,  as  an  electrical 
ry  consisting  of  fifteen  Jans,  each  containing  1S4  square  inches 
of  glaaa  coated  on  both  sides,  and  charged  by  thirty  turns  of  a 
fifty-inch  plate  electrical  machine. 

But  it  is  imt  necessary  that  the  plates  composing  a  simple  vol- 
taic circle  shouhl  eonidsl  of  /-""  oppi  «"d  surfaces  only.     TWi  mixs-v: 
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rical  effect  is  obtained  ii  the  plates  are  cut  up  into  a  number 
of  pieces  and  placed  in  different  vessels,  null  containing  the  ; 
exciting  fluid,  provided  the  same  extent  of  surface  be  preserved, 
and   the  pieces  be  kept  at  the  same  distance  apart.     Thus  let  a 
jilair  «ij' cjpjifr  mill  ;m-i[  hex  of  amalgamated  one,  Bach  four  inches 
square,  he  amneMed  at  a  distance  of  one  inch  apart  in  dilate 
sulphuric  acid,  and  connected  by  a  stout  copper  wire;  after  the 
lapse  of  a  certain  time  a  certain  quantity  of  zinc  will  be  dissolved 
and  a  corresponding  quantity  of  hydrogen  gas  will  be  evolved   on 
I  lie   surface  of  the  platinum  ;  now  let  each  plate  he  cut  into 
Htrips,  each  one  inch  broad  and  four  inches  long,  and  let  a  pair  of 
each  metals  be  immersed,  at  a  distance  of  oue  inch  apart,  in  four 
separate  vessels  containing  dilute  sulphuric  acid;  let  all  the  pla- 
tinum plates  be  connected  together  by  a  stout  copper  win-,  nnd 
all  the  zinc  plates  by  another  similar  wire,  and  let  the  tw 
united  ;  the  same  amount  of  zinc  will  be  dissolved  in  the  same  time, 
di>  same  amount  of  hydrogen  liberated,  and  the  same  quant  ii 
electricity  thrown  into  circulatum,  as  with  a  single  pair  ;  the  four 
pairs  and  the  single  pair  are  equally  simple  voltaic  circles. 

But  the  fourpaii'smaybeiHff'ercnth  arranged.  In.-teudofcounect- 
ing  all  the.  platinum  plates  together,  and  all  the  zinc  plates  together, 
the  platinum  plate  in  vessel  No,  1  may  be  connected  with  the 
zinc  plate  in  vessel  No,  %f  the  platinum  plate  in  vessel  No.  z  with 
the  zinc  plate  in  vessel  No.  3,  and  so  on,  the  platinum  plate  in  the 
last  vessel  being  united  by  a  stout  wire  with  the  zinc  plate  in  the 
first.  Under  this  arrangement  the  amount  of  zinc  dissolved  and 
of  hydrogen  liberated  will  be  precisely  the  same  as  before,  but  the 
electromotive  force  in  increased  fmirfuhl  •,  at  the  same  time  the  reeist- 
-  are  still  more  increased,  for  whereas  in  the  tirst  arrangement 
a  stratum  of  liquid  four  inches  wide  and  one  inch  thick  bad  to  be 
traversed,  in  the  second  arrangement  the  current  has  to  pass 
through  four  separate  inches  of  liquid,  each  one  inch  in  width. 
Kut  in  ciinsei|uenee  of  the  mode  of  connecting  the  plates,  there  is 
a  starting-point  of  power  in  each  cell,  and  each  contributes  ita 
energy  in  urging  forward  the  current;  although,  therefore,  the 
(mautity  of  electricity  is  no  greater  than  when  the  plates  are  arranged 
as  a  single  pair,  its  intensity  or  power  of  overcoming  resistance  is 
far  greater,  and  this  power  ia  within  certain  limits  increased  in 
proportion  as  the  number  of  pairs  of  plates  is  increased.  As  thus 
arranged,  the  plates  constitute  a  conrnototd  voltaic  circle, 

1  to-  f  Meaning  of  the  terms  Electromotive  Force,  Elec- 
trical Resistance,  Electrical  Current,  Quantity,  and  Tension. 
—By  the  term  electromotive  force  is  to  be  understood  that  quality 

u  battery  ur  BOUVee  of  electricity  in  virtue  of  which  it  temi 
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do  work  by  the  transfer  of  electricity  from  one  point  to  another, 
nnd  tli  is  force  a  measured  by  measuring  the  work  done  during  the 
transfer  of  a  given  quantity  of  electricity  between  those  points. 
The  work  done,  whether  it  be  mechanical,  or  chemical,  or  thermal. 
was  proved  experimentally  by  Dr.  Joule  to  be  proportional  to  the 
re  of  the  current,  to  the  time  during  which  it  acta,  and  to  the 
!  unce  of  the  circuit. 
By  the  term  electrical  resistance  ia  to  be  understood  that  quality  of 
b  conductor  in  virtue  of  which  it  prevents  the  performance  of  more 
thiin  it  certain  amount  of  work  in  a  given  lime  by  n  given  electro- 
motive force.  The  resistance  of  a  conductor  ia  therefore  inversely 
proportional  to  the  work  done  in  it  when  a  given  electromotive 
force  is  maintained  between  the  two  ends. 

By  the  term  electrical  current  is  meant  the  cause  of  the  peculiar 
properties  possessed  by  a  conductor  used  to  join  the  opposite  poles 
u(  &  voltaic  batterj",  those,  namely,  of  exerting  a  force  on  a 
magnet  in  its  neighbourhood  ;  of  decomposing  certain  compound 
bodies  culled  electrolytes  when  any  part  of  the  conductor  is  formed 
of  such  compound  bodies;  or  of  producing  currents  in  neighbour- 
ing  conductors  as  they  approach  or  recede  from  them. 

The  force  with  which  one.  electrified  body  acts  upon  another  lit 
constant  distance  varies  under  different  circumstances.  When 
the  force  between  the  two  bodies  at  this  constant  distance  and 
separated  by  air,  is  observed  to  increase,  it  ia  said  to  be  due  to  u 
ise  in  the  quantity  of  electricity,  and  the  quantity  at  any  Bpot 
is  defined  as  proportional  tp  the  force  with  which  it  acts  through 
air  on  some  other  constant  quantity  at  a  distance.  If  two  bod& :■- 
charged  with  a  given  quantity  of  electricity  are  incorporated,  the 
single  body  thus  composed  will  be  charged  with  the  sum  of  the 
two  quantities. 
The  above  definitions  of  the  terms  electromotive  force,  resistance, 
■rmit,  am!  quantify,  are  those  adopted  by  Professor  T.  Clerk  M;i\- 
ell  and  Mr.  Fleeming  Jenkin  in  their  report  '  On  Standard  Elec- 
cal  Resistance,'  as  members  of  a  committee  appointed  by  the 
British  Association  <see  Report,  1863).  Mr.  Latimer  Clark  {I'm 
Deeding*  of  the  Royal  but  Hut  ion,  March  15,  1861)  points  out  that 
the  expression  intensity,  as  ordinarily  used,  involves  two  perfectly 
distinct  qualities;  viz.,  tension,  or  electromotive  force,  or  ehctrit 
potential,  and  quantity.  All  the  most  striking  properties  of  elec- 
tricity, such  as  the  decomposition  of  water  and  salts,  the  combus- 
tion of  metals,  the  deflectiou  of  the  galvanometer,  the  attraction 
the  electro-magnet,  and  the  physiological  effects  of  the  cur- 
nt\  are  really  dependent  as  regards  their  magnitude  and  energy 
solely  on  the  quantity  of  electricity  passing.     Their  greater  energy, 
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when  the  tension  is  increased,  is  an  indirect  e fleet  due  not  to  that 
tension  but  to  the  increased  quantity  which  passes  in  a  given  time 
by  reason  of  the  increased  tension.  A  galvanometer  consisting  of 
a  few  turns  only  of  thick  wire  is  deflected  as  powerfully  by  one 
cell  of  a  voltaic  battery  as  by  6  or  even  by  600 ;  provided  the  cells  are 
all  of  the  same  size,  because  the  thick  wire  is  capable  of  conveying 
freely  the  whole  quantity  of  electricity  which  one  cell  can  pro- 
duce, and  this  is  the  same  as  that  produced  by  the  whole  600 : 
on  the  other  hand,  a  galvanometer  with  many  thousand  turns  of 
fine  wire  gives  the  same  deflection  with  a  battery  formed  of  a 
small  gun-cap  as  with  one  of  twenty  square  feet  of  surface,  because 
the  quantity  in  this  case  is  regulated  and  limited  not  by  the  size 
of  the  plates  but  by  the  power  of  the  conduction  in  the  wire,  the 
quantity  being  therefore  the  same  in  both  cases.  In  every  case 
the  deflection  is  dependent  solely  on  the  quantity  of  electricity 
actually  passing  through  the  instrument  without  reference  to  its 
tension. 

The  ignition  of  metals  is  a  phenomenon  dependent  on  quantity 
and  not  on  tension :  thus  one  cell  of  a  battery  will  ignite  a  certain 
length  of  platinum  wire,  but  by  the  addition  of  two  or  three  more 
cells  two  or  three  times  the  length  of  wire  will  be  ignited,  the 
quantity  passing  in  the  greater  length  being  under  the  higher  ten- 
sion, precisely  the  same  as  in  the  original  length.  In  this  sense  is 
to  be  understood  Faraday's  remark,  'that  the  same  quantity  of 
electricity  which  would  ignite  an  inch  of  wire  would  ignite  a  foot 
or  a  mile  of  the  same  wire.' 

A  battery  of  two  or  three  cells  which  will  readily  fuse  platinum 
wire,  produces  no  shock,  because,  although  the  quantity  of  electricity 
is  abundant,  the  tension  is  low  ;  on  the  other  hand,  a  battery  of  a 
great  number  of  pairs  of  small  plate9  may  give  an  intolerable  shock 
to  the  system,  though  from  its  deficiency  in  quantity  it  may  have 
scarcely  any  power  to  fuse  platinum  wire. 

The  fall  of  tension  is  always  accompanied  by  its  conversion  into 
heat ;  the  ignition  of  wire  by  the  voltaic  current,  the  intense  heat 
of  the  voltaic  arc,  and  the  heat  and  light  of  the  electric  discharge 
and  of  the  spark  are  all  cases  of  the  evolution  of  heat  in  conse- 
quence of  a  fall  of  tension,  and  the  quantity  of  heat  evolved  is 
apparently  directly  proportionate  to  the  fall  of  tension  within  a 
given  space,  and  to  the  quantity  of  electricity  passing. 

(108)  Ohm's  Law. — Under  no  circumstances  do  we  obtain  in 
the  form  of  a  current  the  whole  of  the  electricity  produced  by  the 
chemical  actions  going  on  in  the  battery.  The  amount  of  electri- 
city realized,  or,  in  other  words,  the  force  of  the  current,  is  equal 
to  the  sum  of  the  electromotive  forces  divided  by  the  sum  of  the 


OHM  8    LAW. 


IQI 


resistances  in  the  circuit.     Thus  let  F  denote  the  actual  feu 
tin*  Current]  that  is,  its  power  to  produce  heat,  magnetism,  eliemi- 
I'rtl  action,  or  any  of  its  other  effects  ;  K  the  electromotive  force, 
and  It  the  resistance  of  the  wires  and  liquids,  then 

>-I 

Tba  different  causes  which  influence  the  quantity  of  electricity 
obtained  in  a  voltaic  circuit,  were  investigated  mathematically  1 » y 
Professor  Ohm,  of  Pfurembeljr,  and  b.M  t'ormuhe,  which  have  been 
verified  experimental!}'  by  Daniel],  Whefttfttcne,  and  others,  may 
be  regarded  aa  the  boss  OB  which  all  the  investigations  that  have 
been  made  relative  I  the  foase  of  the  oaxteM  have  been 
founded. 

By  increasing  the  number  of  elements  of  a  voltaic  battery,  we 
increase  the  tension,  drying  lln:  electricity  forward,  n.s  has  already 
been  observed,  but  at  the  same  time  we  increase  the  amount  nf 
bailee  offered  by  the  liqmd  portion  of  the  circuit;  so  that,  pro- 
vided in  both  cases  the  circuit  be  completed  by  a  competent  con- 
ductor, such  as  a  stout  copper  wire,  we  obtain  the  same  reaulte 
in  both  cases,  the  electromotive  forces  ami  the  resistances  being 
increased  by  an  equal  amount,  for 

E  =  "— 
It       H  It" 

tance  li  includea  the  resistance  of  the  win'..,  the  liquid 
iTxti'i-ior  In  the  battery,  should  such  be  included  in  the  circuit,  and 
the  resiBtance  of  the  liquid  and  metals  of  the  battery  itself.  At 
rda  the  resistance  of  the  battery,  it  is  found  to  decrease  in 
exact  proportion  as  the  surface  is  increased,  and  as  regards  the 
wire,  its  resistance  is  directlj  ;;.-  tta  length  and  inversely  propor- 
tional to  its  section. 

Let  the  win ile  resistance  be  denoted  by  R,  as  before,  the  re- 
sistance, of  the  battery  by  B,  and  that  of  the  wire  by  W;  then, 
.-supposing  no  other  obstacles  to  be  included  in  the  circuit, 

It  =  U  +  W. 
Hut  B  Tarlefl  directly  as  the  distance  between  the  plates,  which 
maybe  expressed  by  riband  iunracli/  as  the  surface  of  plates,  which 
may  be  expressed  by  a,  so  that 

B=rf. 


Again,  W  varies  directly  AS  the  length  of  the  wire  anil  inversely 
as  the  area  of  its  section ;  it  may,  therefore,   be   expressed  by 

\,  !  being  the  length  of  the  wire,  and  *  its  section.     If,  therefore, 
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we  substitute  these  values  for  W  and  B  in  the  formula  for  F,  -we  get 

E 

*  -  i  +  L 

Hence  it  appears  that  the  force  of  the  current  may  be  increased 
in  four  ways: — 1.  by  increasing  the  thickness  of  the  wire ;  a.  by 
diminishing  its  length  ;  3.  by  increasing  the  surface  of  the  plates 
of  the  voltaic  elements,  or  diminishing  the  distance  between  them  ; 
and  4.  by  employing  more  energetic  elements. 

The  above  formula  enables  us  to  calculate  the  effect  of  changing 
the  length  or  thickness  of  the  conducting  wire,  or  of  varying  the 
size  and  distance  apart  of  the  plates  of  a  voltaic  pair,  provided 
there  is  no  alteration  in  kind  of  conducting  wire,  or  in  the  battery. 
But  both  may  vary ;  and  in  this  case  other  symbols  must  be  in- 
troduced which  may  be  replaced  by  the  real  quantities  which  they 
denote  as  determined  by  experiment.  Let  the  resistance  of 'the 
particular  liquid  used  be  denoted  by  A,  and  the  specific  resistance 
of  the  kind  of  metal  forming  the  circuit  by  m,  then 

E_ 
F  =  A  d    .    ml 


The  resistances  of  different  metals  are  inversely  as  their  con- 
ducting powers,  the  latest  determination  of  which  is  by  Matthiessen, 
whose  results  are  expressed  in  the  following  table  (Phil.  Trans., 
1858  and  1862,  and  Proceed.  Roy.  Soc.,  vol.  xii.  p.  472)  : — 


MOT  AI/— PURE 


Conductivity 


Silver  at  ji°=ioo 


Silver  (hard  drawn) 
Copper  (hard  drawn) 
Gold  (hard  drawn) . 

Zinc 

Cadmium  .... 

Cobalt 

Iron  (hard  drawn)  . 

Nickel 

Tin 

Thallium    .... 

Lead 

Arsenicum .... 
Antimony  .... 
Bismuth     .... 


Atji0 
100  00 

9995 

7796 

29-02 

2372 

1722 

1681 

13-11 

1236 

016 

832 

476 

462 

1-245 


At  iiz° 
7156 
7027 

SS90 
2067 
1677 


867 

5-86 

333 
326 

0878 


Conductivity  at  in" 


Silver  at 
xiz°=ioo 


ioo-oo 
9820 
78-11 
2889 
23-44 


121  2 

818 
4-65 

455 
1-227 


Each  metal  com- 
pared with  itself 
at  ji°=ioo 


71-56 
70-31 
7170 
71-23 
7070 


70-11 
6858 
7030 
69  8§ 

7o-54 
7051 


Ibssperct 
2844 
2969 
2830 
2877 
2930 


29-89 

3»-4* 
2961 
30-12 
2946 
2969 
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It  Is  thus  seen  that  a  similar  thickness  of  rrWI  wire  would 
enfeeble  a  current  of  electricity  much  more  than  one  of  copper, 
and  that,  to  get  with  the  same  length  of  wire  as  strong  a  current 
from  a  given  battery  by  means  of  an  iron  wire  and  a  copper  wire, 
it  would  be  necesaary  to  use  an  iron  wire  of  greater  flection  than 
that  of  copper,  in  the  ratio  of  99-95  to  16-81,  or  nearly  six  times 
113  great,  which,  if  the  wires  were  round,  would  give  a  diameter 
nearly  2^  tinieB  as  great. 

(109)  Application  of  Ohm's  Tiieory-  to  Compound  "Voltaic 
circles. — As  each  pair  of  elements  contributes  its  own  electro- 
motive force  to  the  current,  it  is  evident  that  the  whole  electro- 
motive force  will  he  proportional  to  the  number  of  pairs,  provided 
they  are  all  equal.  Denoting  the  number  of  pairs  by  h,  then  the 
whole  electromotive  force  will  benE,  E  representing  that  of  a 
single  pair.  But  though  the  electromotive  power  is  n  times  as 
.strong,  the  resistance  is  at  the  same  time  increased  n  times,  the 
eurrent  having  now  to  traverse  the  whole  liquid  of  the  several 
pairs  of  elements,  consequently  the  current  will  not  be  n  times  as 
forcible,  and  the  formula  for  the  farce  of  the  current  will  be 


F  = 


nE 
n  A  d   ,    ml 


This  formula  will  serve  in  all  cases  to  determine  the  force  of  a 
battery  of  any  number  of  pairs  where  the  force  of  a  single  pair 
and  the  length  of  the  conducting  wire  are  given,  and  leads  to  the 
'following  general  law  (H'heatstotw,  l'hil.  Traits.,  184.3)  : — 

1.  Tha  electromotive  force  of  a  voltaic  current  varies  with  the  number 
of  the  elements  and  with,  the  nature  of  the  metals  and  liquids  which  constitute 
each  element,  tut  is  in  do  degree  dependent  011  the  dimensions  of  any  of 
their  parts. 

a.  The  resistance  of  each  element  i*  directly  proportional  to  the  distances 
plates  from  each  other  in  the  liquid,  and  to  the  specific  resistance  of 
1  he  liquid,  and  is  also  inversely  proportional  to  the  surface  of  the  plates  in 
contact  with  the  liquid. 

3.  The  resistance  of  the  connecting  wire  of  the  circuit  is  directly  propor- 
tional to  its  length,  and  to  its  specific  resistance,  and  iuversely  proportional 
to  its  section. 

When  the  conducting  wire  is  composed  of  different  thicknesses, 
Bt  of  different  metals  joined  together,  it  is  found  that  the  force  of 
Jh.r  current  is  everywhere  the  same.  It  is  found  convenient  to 
nil  resistances  of  wires  or  liquids  or  other  matters  through 
which  the  current  has  to  pass  to  certain  definite  equivalents  or 
specific  standards.  This  is  generally  taken  at  bo  many  unite  of 
length  of  a  standard  copper  wire  of  Specified  thickness.  The  \«q!j&.Vl. 
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of  this  wire,  or  the  number  of  units  of  length  of  it  which  afford  the 
same  resistance  as  any  conductor,  is  called  the  reduced  length  of  that 
conductor. 

If  we  represent  the  length,  conducting  power,  and  section  of  the 
substance  forming  the  circuit  by  /,  c,  and  «,  and  the  reduced  length, 
or  equivalent  length,  of  the  standard  wire  by  f,  and  its  conducting 
power  and  section  by  c'  and  «',  then,  as  the  force  in  each  case  is 
represented  by 

/  =  c-;  and /'=*'/, 

and  it  is  required  that  the  force  of  the  current  given  by  the  one 
is  to  be  equal  to  that  given  by  the  other,  we  must  have 

(no)  Wbeatstone's  Parallelogram  or  Bridge. — For  mea- 
suring the  electrical  resistance  of  a  metal  as  compared  with  a  given 
standard,  the  instrument  shown  in  Fig.  148  was  invented  by 
Wheatstone. 

1.  Construction  of  the  Bridge. — n  a  p  c  is  a  mahogany  board  supported  on 
levelling  screws,  and  provided  with  a  binding  screw  in  the  centre  of  each 
side ;  these  screws  are  connected  by  a  thick  copper  wire,  w  w  w  w,  let  into  a 
groove  in  the  surface  of  the  board,  and  forming  a  parallelogram,  sapc.  At 
points  exactly  equidistant  from  the  angle  N,  the  wires  n  c,  n  a  are  severed, 
and  the  ends  are  connected  with  binding  screws,  <  a,  1 '  »'.  Similarly,  the 
wires  p  A,  p  c  are  severed,  and  the  ends  connected  with  the  binding  screws 
rr,r'  r'.  In  the  centre  of  the  board  is  a  galvanometer,  having  a  compound 
needle  suspended  by  a  fibre  of  raw  silk  in  the  centre  of  a  coil  of  moderately 
thick  wire.  This  coil  is  attached  to  a  disc,  a.  moveable  on  a  vertical  axis,' 
and  a  graduated  card  is  fixed  on  the  top  of  the  coils,  on  which  the  deflec- 
tion of  the  needle  ma}'  be  observed ;  a  piece  of  talc  is  cemented  to  the  card 
at  900  to  check  the  violent  oscillations  of  the  needle. 

The  ends  of  the  coil  are  connected  with  the  terminals  c  and  A  by  wires 
sufficiently  long  to  allow  of  the  graduated  disc  and  coils  being  moved  round 
by  the  handle  h,  80  as  to  bring  the  zero  point  to  correspond  with  the  needle 
when  it  is  in  the  plane  of  the  magnetic  meridian.  A  single  cell  of  the  Smee 
or  Daniell  battery  is  generally  sufficient  to  work  the  instrument ;  it  is  shown 
at  z,  one  pole  being  in  connection  with  m,  the  other,  through  the  intervention 
of  a  contact  maker,  with  p. 

2.  Action  of  the  Instrument. — Suppose  the  wire  w  to  be  unbroken  at  r  r\ 
s  «' ;  when  contact  is  made  at  h,  a  current  passes  from  z  to  K,  where  it  bifur- 
cates, and  as  the  two  wires  n  a  r,  n  c  p  offer  equal  resistances,  one-half 
of  the  current  passes  through  each  channel,  the  currents  reunite  at  p,  and 
pass  to  z,  completing  the  circuit. 

Neglecting  the  resistance  of  the  external  connections  between  z  and  n, 
and  z  and  p,  which  do  not  influence  the  result :  if  the  electrical  tension  at 
x  be  represented  by  10,  at  P  it  will  be  o,  and  at  A  and  c  it  will  be  5,  hence 
there  will  be  no  current  between  c  and  a,  and  the  galvanometer  will  be 
unaffected.    If  now  a  resistance  of  one  mile  be  introduced  at  a,  and  an  equi- 
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valeiit  resistance  at  *',  the  current  will  bifurcate  equally  a*  before,  but  the 
tension  atn,  *',  and  j  will  be   much  increased,  and  that  ate  and  a  will 

Pig.  i4»- 


diminish  proportionately;  but  being  still  equal  on  both  sides, no  current  will 
jiaas  from  c  to  a,  and  the  needle  of  the  galvanometer  nj'iW  remauv  axrwx. 

o2 
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If,  however,  the  resistance  introduced  at  sm  be  either  lew  or  grantor 
than  the  resistance  interposed  between  i  »',  the  current  will  no  longer  divide 
tself  equally  at  X;  the  distribution  of  the  tensions  in  N  A  P  and  SOP  will 
ino  longer  be  similar,  tbe  tension  at  c  will  be  different  from  the  tension  at 
a,  and  an  electric  current  will  be  established  between  l  and  a,  cutting  a 
deflection  of  the  needle  of  the  galvanometer,  and  the  direction  of  the  deflec- 
tion will  denote  on  which  side  the  resistance  is  greatest 

3.  General  Lam  of  the  Instrument. —  The  conductors  x  A  r  and  K  c  I*  being 
united  at  x  and  v,  the  relations  between  the  electric  tensions  at  x  and  p 
must  always  be  the  game  for  both  conductors,  however  the  resistances  of 
the  conductors  and  the  tensions  may  be  varied.  Hence  the  electric  tensions 
at  A  and  o  will  be  equal  as  long  as  the  following  proportional  resistances  are 
maintained,  ?r  a  :  a  r : :  x  c :  c  r,  and  as  long  a*  tbe  electric  tensions  at  c  and 
a  are  identical,  no  current  will  pass  between  them  through  the  galvanometer. 

If  now  there  is  introduced  into  the  circuit  on  one  side  of  the  parallelo- 
gram a  conductor  having  an  nnknou-n  resistance,  we  can  determine  its  resist- 
ance by  introducing  known  resistances  into  the  circuit  on  the  one  side  until, 
the  galvanometer  being  no  longer  affected,  we  know  that  the  current  it 
equally  divided,  and  that  the  resistances  on  both  sides  are  equal. 

The  mode  of  varying  tbe  resistance  is  by  means  of  rheostat*  and  resistance 
cot/a,  the  former  being  used  for  comparatively  small  and  the  latter  for  con- 
siderable resistances;  both  instruments  are  the  inventions  of  Professor 
Wheatstone.  The  parallelogram  is  extensively  used  in  testing  the  conduc- 
tivity of  the  copper  wire  to  be  used  for  submarine  cables. 

(in)  Wbeatstone  ■  Rbeostat  and  Resistance  Coils. — In 

their  verifications  of  Ohm's  law,  the  German  and  French  electricians 
Bret  observed  the  oscillations  of  the  needle  of  the  galvanometer 
when  no  extraneous  resistance  was  introduced  into  the  circuit  ; 
they  then  added  a  known  resistance,  and  again  measured  the 
oscillations.  Wheatstone  adopted  a  different  method:  instead  of 
constant  he  employed  variable  resistances,  bringing  thereby  tin- 
currents  compared  to  equality,  and  inferring  from  the  ajaount  of 
resistance  measured  out  between  two  deviations  of  the  galvano- 
meter needle,  the  electromotive  forces  and  resistances  of  the  circuit, 
according  to  the  p&rticuhir  conditions  of  tbe  experiments. 
For  this  purpose,  he  invented  an  instrument,  which  he  calls  a 

rfaogtat. 

i' ff.  149. 


It  consists  essentially  of  two  cylinders  (Figs.  149  and  150),  one  of  wood, 
on  which  a  spiral  groove  is  cut,  and  round  which  is  uoiled  a.  long  wire  01' 
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very  small  diameter;  the  other  is  ramie  of  brass.  By  means  of  a  handle 
any  part  of  the  wire  can  ba  unwound  from  the  wooden  cylinder  add  wound 
on  the  brass.  The  coil*  on  the  wood  cylinder  being  insulated  and  kept 
separate  from  each  other  by  the  groove,,  the  current  passes  through  the 
entire  length  of  the  wire  coiled  upon  that  cylinder;  but  the  coils  on  the 
brass  cylinder  not  being  insulated,  the  current  posses  immediately  from  the 
point  of  the  wire  which  ia  in  contact  with  tht!  cylinder  to  a  spring  in  metallic 

.  F>B.  "jo- 


communication  with  the  wires  of  the  circuit.  The  effective  pan  of  the  length 
ai  the  wire  is  therefore  the  variable  portion  which  ia  on  the  wooden  cylinder. 
The  cylinders  are  six  inches  in  length  and  i|  inch  in  diameter;  the  threads 
of  the  screw  are  40  to  the  inch,  and  the  wire  is  of  turns  .jX-  of  an  inch  in 
diameter.  A  scale  is  pitted  lo  measure  the  number  of  coils  unwound ;  and 
the  fractions  of  a  coil  are  determined  by  an  index  which  is  fixed  to  the  axis 
of  one  of  the  cylinders,  and  points  to  the  divisions  of  a  graduated  scale. 

For  measuring  very  great  resistances,  such,  as  long  telegraph 
wires  or  imperfectly  conducting  liquids,  a  series  of  coils  ot*  fine 
silk-covered  copper  wire,  about  5^  of  an  inch  in  diameter,  is 
employed.  Two  of  these  coils  are  50  feet  in  length ;  the  others 
are  respectively  100,  aoo,  4.00,  and  800  feet.  The  two  ends  of 
each  coil  are  attached  to  short  thick  wires,  fixed  to  the  upper 
faces  of  the  cylinders,  ■which  serve  to  combine  all  the  coils  in  one 
continuous  length.  On  the  upper  face  of  each  cylinder  is  a  double 
brass  spring,  moveable  round  a  centre,  so  that  its  ends  may  rest  at 
pleasure,  either  on  the  ends  of  the  thick  wires  united  to  the 
circuit,  or  may  be  removed  from  them  and  rest  upon  the  wood. 
In  the  latter  position,  the  current  from  the  circuit  must  pass 
through  the  coil ;  hut  in  the  former  position,  it  posses  through  the 
spring,  and  removes  the  entire  resistance  of  the  coil  from  the 
circuit,  When  all  the  springs  rest  on  the  wires,  the  resistance  of 
the  whole  series  of  coils  is  removed;  but  by  turning  the  springs 
bo  as  to  introduce  different  coils  into  the  circuit,  any  multiple  of 
50  feet  up  to  1600  may  be  brought  into  it. 

For  measuring  small  resistances,  AVheatstone  employs  a  cylinder 
10 J  inches  in  length,  and  3  J  inches  in  diameter,  round  which  is 
wound  108  coila  of  copper  wire  -^  of  in  inch  thick,  any  part  of 
which  can,  by  turning  the  cylinder,  be  brought  into  tb.e.  cvec&i. 
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In  order  to  determine  the  sum  of  the  electromotive  forces  in  a 
voltaic  circuit,  Wheatstone  proceeds  as  follows  (Phil.  Trant.,  184.3, 
p.  313):— 

'  In  two  circuits  producing  equal  electromotive  effects,  the  snm  of  the 
electromotive  forces,  divided  by  the  sum  of  the  resistances,  is  a  constant 

quantity,  i.e.   -  =  _  ;  if  E  and  R  be  proportionately  increased  or  diminished, 
R    aR 

F  will  obviously  remain  unchanged.  Knowing,  therefore,  the  proportion  of 
resistances  in  two  circuits  producing  the  same  effect,  we  are  enabled  imme- 
diately to  infer  that  of  the  electromotive  forces.  But  as  it  is  difficult  in 
many  cases  to  determine  the  total  resistance,  consisting  of  the  partial  re- 
sistances of  the  rheomotor  (or  voltaic  combination)  itself,  the  galvanometer, 
the  rheostat.  &c,  I  have  recourse  to  the  following  simple  process.  Increasing 
the  resistance  of  the  first  circuit  by  a  known  quantity,  r,  the  expression  becomes 

mV 

.     In  order  that  the  effect  in  the  second  circuit  shall  be  rendered  equal 

K  +  r 

to  this,  it  is  evident  that  the  added  resistance  must  be  multiplied  by  the 

same  factor  as  that  by  which  the  electromotive  forces  and  the  original 

V  «F 

resistances  are  multiplied,  for  — —  = — .    The  relations  of  the  length  of 

v      '       R  +  r    hK  +  w  * 

the  added  resistances  r  and  *r,  which  are  known,  immediately  give  therefore 

those  of  the  electromotive  forces.' 

Example. — Let  it  be  required  to  determine  the  relative  electro- 
motive forces  in  a  single  pair,  and  two  similar  pairs  of  Darnell's 
sulphate  of  copper  battery.  Introduce  first  the  rheostat  and  the 
galvanometer  (Fig.  150)  into  the  circuit  of  the  single  cell,  and 
adjust  the  wire  of  the  coil  either  by  coiling  or  uncoiling,  as  the 
case  may  be,  until  the  galvanometer  needle  stands  at  4.50 ;  then 
uncoil  the  wire  until  the  needle  is  reduced  to  400 ;  and  the  number 
of  turns  required  to  do  this  represents  the  electromotive  force  of 
the  cell.  Suppose  this  number  to  be  35.  Naxt  operate  precisely 
in  the  same  manner  with  the  two  cells,  interposing,  if  necessary, 
one  or  more  of  the  resistance  coil.  The  number  of  turns  of  the 
rheostat  cylinder  required  to  bring  the  needle  of  the  galvanometer 
to  4*>°  will  now  be  found  to  be  70 — just  double  the  number  required 
with  the  single  cell.  The  electromotive  forces  in  the  two  batteries 
are  therefore  as  1  :  2.  If  in  the  second  experiment  the  two  cells 
of  the  battery  are  arranged  as  a  single  pair,  that  is,  the  copper  of 
one  connected  with  the  copper  of  the  other,  and  the  zinc  plate  of 
one  with  the  zinc  of  the  other,  it  will  be  found  that,  though  it 
requires  a  greater  interposed  resistance  to  bring  the  needle  of  the 
galvanometer  to  4.50,  the  same  number  of  subsequent  turns  will  be 
required  as  before  to  reduce  it  to  35°,  thus  showing  that  by  in- 
creasing the  size  of  the  plates  the  electromotive  force  of  the  battery 
is  not  increased. 
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To  obviate  the  inconvenience  of  winding  end  tin-winding  the 
H  ixs,  v, 'hereby  it  is  apt  to  become  loose  on  the  cylinder,  and  one 
turn  to  ride  on  another,  the  rheostat  has  been  differently  arranged 

by  Mr.  Decker.  In  his  form  of  the 
instrument,  the  wire  is  wound  per- 
manently on  an  iitMiLiiing  cylinder, 
and  any  number  of  turns  are  int re- 
duced into  the  circuit  by  meant 
of  a  grooved  -wheel,  w  (Fig.  151), 
moving  on  a  graduated  bar,  a  a. 
"When  the  cylinder  is  mode  to  ro- 
tate, the  wheel  is  screwed  along  the  bar,  or  the  bar  may  be.  pre.ssed 
back  by  hand,  and  the  wheel  slipped  along  it  to  any  point  desired. 
(11a)  Standard*  of  ^esUtance, — The  standard  nf  resistance 
adopted  by  Wheatstone  was  that  produced  by  a  copper  wire,  one 
foot  of  which  weighs  100  grains.  Varley's  '  unit,'  the  standard 
adopted  by  the  Electric  Telegraph  Company,  is  one  mile  of  the 
wire  used  for  underground  work  and  for  tunnels  (No.  16  copper 
wire).  German-silver  wire  is  now  generally  used  for  resistance 
coils,  because  its  conductivity  is  but  little  affected  by  change  of 
temperature  when  compared  with  pun  copper.  Siemens  and 
I  lalake  exhibited  at  the  International  Exhibition  of  1862  a  resistance 
coil  based  on  an  unit  expressing  the  resistance  of  a  metre  of 
mercury  of  one  millimetre  section,  at  the  temperature  of  melting 
ice.  Other  coils  have  been  constructed  to  represent  the  resistance 
of  a  thousand  metres  of  iron  wire  four  millimetres  in  diameter, 
such  as  is  used  in  telegraphic  lines  abroad.  Dr.  Matthiessen  has 
adjusted  a  coil  expressing  the  resistance  of  a  standard  mile  of 
chemically  pure  copper  wire  one-sixteenth  of  an  inch  in  diameter, 
at  the  temperature  of  i£°.s  centigrade.  This  resistance  is 
different  from  that  of  n  mile  nt"  any  commercial  copper,  and  the 
various  commercial  coppers  differ  too  widely  from  each  other  to 
allow  any  approximate  ratio  to  be  named  between  them  and  pure 
cupper.  The  specific  resistance,  however,  of  copper  selected  for 
telegraphic  cables  is  generally  about  10  per  cent,  higher  than  that 
of  pure  copper. 

(113)  Weber  and  Thomson's  Absolute  Electro-magnetic 
Measure. — The  value  to  electrical  science  of  an  universal  standard 
<>r  unit  nf  resistance  would  be  very  great,  and,  if  generally  adopted) 
the  results  of  independent  observers  all  over  the  world  would 
become  comparable,  and  vague  expressions  of  opiniou  would  be 
replaced  by  definite  measurements.  Weber  and  Tlioiusin  have 
proposed  a  system  for  the  expression  of  those  quantities  in  absolute 
units  chosen  with  reference  to  their  relations  with  eacb.Q\kw-  w& 


■with  the  unite  of  force  and  work,  which  must  henceforth  be  looted 
upon  as  the  connecting  link  between  nil  physical  measurement*.  '11 1  - 
leading  idea  of  this  system  is  expressed  ad  follow-  by  Mr.  I 'beming 
Jenkin  (Jurors'  Report  on  Electrical  Iintr-nmnUSf  InUnuitivmil 
J2xh&Uiont  1S62): — 

*  A  battery  or  other  rheomotur  of  unit  electromotive  force  will  generate  11 
currant  of  unit  strength  in  a  circuit  of  unit  resistance,  and  in  the  unit  -t 
time  will  convey  a  unit  quantity  of  eta  iri-  i»y  through  (his  circuit,  dOblg  in 
the  same  tini?  a  unit  of  work  or  its  equivalent.  These  relations  leave  ilie 
absolute  magnitude  of  the  series  of  standards  undetermined-  Weber  has 
proposed  10  t\x  the  series  in  vsrious  ways ;  but  the  most  convenient  (where 
measurements  have  to  be  made  by  observations  conducted  with  the  aid  of 
magnets)  is  probably  that  in  which  the  series  is  fixed  by  the  definition  of 
the  unit  current,  as  that  current  the  unit  length  of  which  st  a  unit  distance 
exerts  a  unit  force  on  the  unit  magnetic  pole.  The  definition  of  the  unit 
magnetic  pole  proposed  by  Gauss  and  Weber  in  its  turn  depends  solely  on 
the  units  of  mass,  time,  and  length.' 

In  detemiirjini?  the  unit  of  electrical  resistance  nnd  the  other 
electrical  units,  we  111u.1t  Bin  inly  follow  the  natural  relations  exist- 
ing between  the  various  electrical  quantities  and  between  these 
and  the  fundamental  units  at"  time,  mags,  mul  .ywv. 

In  the  absolute  eleqtro- magnetic  system  of  Weber  nnd  Thomson 
the  following  equations  exist  between  the  mechanical  and  electrical 
units  (Jenkin,  I*roc.  Botjal  Soc,  vol.  xiv.  p.  1  jS)  : — 

W  =  CaR< (i) 

where  W  is  the  work  done  in  the  time  t  by  the  current  C  conveyed 
through  a  conductor  of  the  resistance  R.     This  equation  expresses 
Joule  and  Thomson's  law, 
E 


C  = 


I! 


w 


where  E  is  the  electromotive  force.  This  equation  expresses  Ohm's 
law, 

Q  =  c* (3) 

which  again  expresses  a  relation  first  proved  by  Faraday,  where  Q 
ia  the  quantity  of  electricity  conveyed  or  neutralised  by  the  current 
in  the  time  t.  Finally,  the  whole  system  i*  rendered  determinate 
by  the  conditions  that  the  unit  length  of  the  unit  current  muat 
produce  the  unit  force  on  the  unit  pole  (Gauss)  at  the  unit  distance. 
If  it  is  preferred  to  omit  the  conceptions  of  magnetism,  this  last 
statement  is  exactly  equivalent  to  saying  that  the  unit  current 
conducted  round  two  circles  of  unit  area  in  vertical  plunea  at  right 
angles  to  each  other,  one  circuit  being  nt  a  great  distance,  D,  above 
the  other,  will  cause  a  couple  to  act.  between  the  circuits  of  a 
magnitude  equal  to  the  reciprocal  cube  of  the  distance  D.     This 
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last  relation  expresses  the  proposal  made  by  Weber  for  connecting 
the  electric  and  magnetic  measure. 

These  four  relations  serve  to  define  the  four  magnitudes  R,  C, 
Q,  and  E,  without  reference  to  any  but  the  fundamental  unit*  of 
time,  space,  and  mass;  and  when  reduced  to  these  fundamental 
units,  it  will  be  found  that  the  measurement  of  R  involves  simply 
a  velocity,  i.e.,  the  quotient  of  a  length  by  a  time.    It  is  for  this 

reason  that  the  absolute  measure  of  resistance  is  styled  -me        or 

aec  and 

precisely  as  the  common  non-absolute  unit  of  work  in- 
seeond 

volving  the  product  of  a  weight  into  a  length,  is  styled  kilogramme 
or  foot  pound. 

It  is  difficult  to  give  a  popular  definition  of  the  unit;  but  the 
following  by  Fleeming  Jenkin  will  serve  to  *how  how  a  real  velo- 
city may  be  used  to  measure  a  resistance  by  using  the  velocity 
with  which  under  certain  circumstances  part  of  a  circuit  must  be 
made  to  move  in  order  to  induce  a  given  current  in  a  circuit  of 
the  resistance  to  be  measured : — 

The  resistance  of  the  absolute is  snch  that  a  current  generated  in  a 

mmnrt 

circuit  of  that  resistance  by  the  electro-magnetic  force  due  to  a  straight  bar 
i  metre  Lung,  moving  across  a  magnetic  field  of  unit  intensity,  perpendicularly 
to  the  lined  of  forte,  and  to  its  own  direction,  with  a  velocity  of  1  metre  per 
I,  would,  if  doing  no  other  work  or  equivalent  of  work,  develop  in  tliai 
cimiit  in  one  second  of  tinio  u  total  amount  of  heat  equivalent  tooueauiioluti- 
unit  of  work,  or  sufficient  heat,  according  to  Joule's  experiment.-,  to  fatal 
00001405  gramme  of  water  at  its  maximum  density  i°  C. 

The  relations  of  the  system  of  units,  culled  by  Weber  the  electro^ 
magnetic  units,  to  each  other  and  to  the  mechanical  units,  may 
be  summed  up  thus:— 

The  unit  of  a  current  conveys  a  unit  of  electricity  through  the  circuit  in  a 
Unit  of  time,  lite  unit  current  in  a  conductor  of  unit  resistance  produces  an 
effect  equivalent  to  the  unit  of  work  in  one  unit  of  time.  The  unit  current 
will  be  produced  in  a  circuit  of  unit  resistance  by  the  unit  of  electro  magne&i< 
force.  Tine  unit  current  flowing  through  a  conductor  unit  of  length  will 
exert  the  unit  force  ou  the  unit  pole,  at  the  unit  distance. 

In  order  to  determine  the  resistance  of  a  wire  in  absolute  measure, 
Webex  {Phil.  Mag*,  1861)  employed  two  methods. 

1 ,  By  suddeuly  turning  a  coil  of  wire  about  on  axis  so  as  to 
alter  its  position  relatively  to  the  terrestrial  lines  of  magnetic 
1'ircL',  he  produced  an  electromotive  force  acting  for  a  short  time 
in  the  coil.  This  coil  was  coanected  with  another  fixed  coil  having 
a  magnet  suspended  in  its  centre.  The  current  generated  by  the 
electromotive  force  parsed  through  both  coils,  and  gave  the  (na 
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a  sudden  impulse,  the  amount  of  which  was  measured  by  its 
extreme  deflection, 

ThuB  an  electromotive  fovee  of  eh ort  duration  produced  a  current 
of  short  duration.  The  total  amount  of  electromotive  force  depci 
OH  the  size  of  the  moveable  coil,  and  the  intensity  of  terrt-stri.il 
i!i;>_rnetism.  The  total  amount  of  the  current  is  uieastin'l  by  the 
impulse  given  to  the  magnet,  and  the  mechanical  value  of  the 
impulse  if  meaenred  by  the  ingle  through  which  it  swings, 
resistance  of  the  whole  circuit,  consisting  of  both  coils,  i*  tln.11 
ascertained  by  dividing  the  electromotive  force  by  the  current. 

i.  By  causing  a  powerful  magnet  to  oseillnte  within  a  coil  of 
wire.  By  the  motion  of  the  magnet,  currents  are  produced  in 
coil,  and  these  reacting  on  the  magnet  retard  Ha  motion.  Thy 
rate  of  diminution  Of  the  amplitude  of  the  oscillations,  when  com- 
pared with  the  rate  of  diminution  when  the  current  is  broken, 
ulibrds  the  means  uf  determining  the  resistance  of  th<-  circuit. 

(114.)  The  British  Association  Unit  or  Electrical  Resist- 
ance.— In  their  experimental  measurements  of  electrical  resistance, 
Messrs.  J.  Clerk  Maxwell,  Balfour  Stewart,  and  Fleeming  Jeiiliij* 
[On  Standards  of  Electrical  Resistance,  British  AuociatioH  7. 
for  1863)  adopted  an  apparatus  designed  by  Professor  Thorn. -mi, 
by  which  tile  resistance  of  a  coil  can  be  determined  in  electro- 
magnetic measure  by  the  observation  of  the  constant  deflection  of 
a  magnet. 

The  coil  of  wire  is  made  to  revolve  about  a  vertical  diameter  with  constant 
velocity.  The  motion  of  the  coil  among  the  lines  of  force,  due  to  the  11 
magnetism,  produces  indirect  currents  in  the  coil,  which  are  alternately  in 
opposite  direction  with  respect  to  the  coil  itself,  the  direction  dunging  H 
the  plane  of  the  coil  passed  through  the  east  and  west  direction.  If  we 
.  nn-iiler  the  direction  uf  the  current  with  respect  to  a  Used  line  in  the  east 
and  west  direction,  we  shall  find  that  the  changes  in  the  current  are  ;i. 
patiied  with  chanpes  on  the  face  of  the  coil  presented  to  the  east,  so  that  the 
absolute  direction  of  the  current  as  seen  from  the  east  remains  alwuya  the 
same. 

]f  a  magnet  be  suspended  in  the  centre  of  the  coil,  it  will  be  deflected  from 
the  north  and  south  line  by  the  action  of  these  currents,  and  will  he  turned  in 
ihe  same  direction  as  the  coil  revolves.  The  force  producing  this  deflection 
is  varying  continually  in  magnitude  and  direction ;  but  as  the  periodic  time 
is  email,  the  oscillations  of  the  magnet  ma}' be  rendered  insensible,  by  in- 
creasing the  mass  of  the  apparatus  along  which  it  19  suspended.  The  resist- 
ance of  the  coil  may  be  found  when  we  know  the  dimensions  of  the  coil, 
velocity  of  rotation,  and  the  deflection  of  the  magnet.  The  intensity  of 
terrestrial  magnetism  enters  into  the  measurement  of  the  electromotive 
force,  and  also  into  the  measurement  of  the  cutrentj  but  the  measure  of  the 
resistance,  which  is  the  ratio  of  these  two  quantities,  is  quite  independent  of 
the  value  nf  the  magnetic  intensity. 

For  a  description  of  the  apparatus,  and  lor  a  detail  of  the  experi- 


(  HESIICAL    POWERS. 


203 


nientamade  with  it,  and  a  discussion  of  the  result*,  we  must  refer 

to  the  report  above  referred  to.     The  committee  are  now  prepared 

to  supply  the  public  with  copies  of  their  standard  of  electrical 

constructed   of  an  alloy  of  platinum  mid  silver,  which 

are  close  approximations  to  10,000,000    —      ,    in  Weber's  abso- 

seconds 

lute  electro-magnetic  system,  the  magnitude    Iue  ";    being  far  too 

seconds 

small  to  be  practically  convenient.     This  is  not  wtsy  dilli-rent  from 

Siemens"?  mercury  unit,  which  has  been  found  convenient  in  practice. 

It  is  about  the  25th  part  of  one  mile  of  No.  16  impure  copper  win  , 

as  a  standard  by  the  Klectfie  and  International  Company.     I: 

id  proposed  that  the  new  standard  shall  not  be  called  'absolute 

measure,'  or  described  as  so  many  1    but  that  it  shall  re- 

"    seconds 

ceive  a  distinctive  name,  such  as  the  B.  A.  unit,  or,  as  Mr.  Latimer 

( dark  suggests,  the '  Ohmad ; '  so  that  if  hereafter  improved  methods 

of  determinations  in  absolute  measure  are  discovered,  or  better 

experiments  made,  the  standard  need  not  be  changed,  hut  a  simi.ll 

coefficient  of  correction  applied  in  those  cases  in  which  it  is  06 

sary  to  convert  the  B.  A.  measure  into  absolute  measure.* 


(II A  ITER  III. 
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Uecom position  of  Water  and  Saline  Solutions — Hypothesis  of  Grotthus^ 
Faraday's  Researches— Secondary  Results — Electro-metallurgy— Electro- 
plating— Duuelt'i  Researches—  Electrical  Kndusmose. 

Tin;  chemical  powers   of   the    voltaic   pile   were  discovered   and 
ilbed  by  Messrs,    Nicholson  and  Carlisle  iu  the  year  1800. 
Water  was  the  first  compound  decomposed. 

In  the  year  1806  Davy  delivered  before  the  Royal  Society  his 
a  deb  1  -iticd  lecture, '  On  some  Chemical  Agencies  of  Electricity;' 
nod  in  1807  be  announced  the  grand  discovery  of  the  decomposition 
(if  the  fixed  alkalies. 

The  masterly  researches  of  Faraday  were  given  to  the  world 
between  the  years  1831  and  18+0. 


•   The  unit  ceil  and  box  may  be  obtained  by  applying  lo  Mr.  PiMtttiog 

Jenkin,  Secretary  to  the  Committee,  6  Duke  Street,  .ldelphi. 
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When  water  and  certain  saline  solutions  are  made  part  of  the 
electric  circuit,  so  that  a  current  of  electricity  nitty  pass  through 
them,  they  ore  deeoni posed ,  that  is,  they  yield  up  their  element*. 
in  obedience  to  certain  laws.  Water  ia  resolved  into  oxygen  and 
hydrogen  gases,  i in  1  tbaftcid  ud  alkaline  matters  of  the  neutral 
salts,  which  it  holds  in  solution,  are  separated  not  in  an  indiscri- 
minate manner,  but  the  oxygen  and  the  acids  are  all  developed  at 
the  positive  pole,*  and  the  hydrogen  and  the  alkalies  at  the  ne| 
ti  w.  If  pure  water  be  submitted  to  the  action  of  the  current,  it 
is  decomposed  with  great  diiliculty,  in  consequence,  probably,  of 
its  bad  conducting  power;  for,  if  a  little  sulphuric  acid  he  added, 
it  vielda  to  the  power  of  a  very  moderate  current. 

To  decompose  acidulated  water,  it  may  be  confined  in  a  glass 
tube,  sealed  hermetically  at  one  end,  and  made  part  of  the  circuit  by 
means  of  gold  or  platinum  wires;  or  the  arrangement  shown  in  Fig. 
152  may  be  adopted,  the  wires  being  about 
one- fourth  of  an  inch  apart.  If  two  tub*,* 
be  employed,  one  placed  over  either  wire, 
pas  will  be  collected  in  each ;  hut  that  in 
the  tube  over  the  negative  electrode  will  be 
rather  more  than  double  in  volume  to  tluvt 

in  the  tube  over  the  positive  electrode ;  the 
former  being  hydrogen,  and  the  latter 
oxygen  gas.  Now  in  vapour  of  water,  the 
relation,  by  volume  between  the  hydrogen 
and  oxygen  gases  is  exactly  as  two  to  one  ; 
and  the  reason  why  they  do  not  appear 
precisely  in  this  pro  port  ion  when  water  is 
ekctrolized  is  because  oxygen  is  partially 
soluble,  and  a  portion  is  therefore  retained 
in  the  acidulated  water  over  which  the    gases  are  collected. 

To  show  the  decomposition  of  a  neutral  salt,  and  the  deter- 

"  According  to  Faruduv'*  views,  the  determining  force  ia  not  at  the  so- 
called  po/u  of  the  voltaic  battery  bal  imVAjji  Lite  body  suffering  decomposition. 
The  poles  of  the  battery  lie  regards  as  the  doors  through  which  the  electricity 
enters  into,  or  passes  out  of,  the  decomposing  body  ;  he  proposes,  therefore, 
for  them  the  name  electrodes,  from  qAejrrpop  and  bib*  (way).  Compound:! 
decomposable  by  the  electric  current  he  proposes  to  call  clectrolytei,  from 
jjAtiTTpof  and  kiiia  (set  free) ;  and  the  act  of  decomposing  a  compound  electro- 
chemically  he  calls  its  e&dwlyiU.  Mr.  Daniel!  distinguishes  the  'doors' 
through  which  the  current  enters  and  departs  by  the  terms  xincodt  and 
filuiiiu>Je,  the  former  being  the  plate  which  OMttpta  the  position  of  the 
generating  platoon  the  battery,  and  the  latter  that  of  the  conducting  plate. 
The  old  terms  positive  and  negative  pule,  or  positive  and  negative  electrode, 
are,  bowsver,  almost  universally  used. 
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ruination  of  the  acid,  or  the  element  replacing  it,  to  the  positive 
electrode,  and  of  the  alkali  to  theliegative,  the  following  experi- 
ments may  be  made  : — 

].  A  small  quantity  of  sulphate  of  soda  may  be  dissolved  in  water  tinged 
blue  by  tincture  of  violets,  and  introduced  into  a  glass  syphon-shaped  tube, 
into  either  aperture  of  which  is  inserted  a  platinum  wire  or  plate  proceeding 
from  the  terminals  0!  a  voltaic  battery,  as  shown  in  Fig.  155;  in  a  short  time 
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the  fluid  in  the  limb  into  which  Ihe  positive  electrode  is  placed  will  become  red1, 
und  that  in  the  limb-  into  which  the  negative  electrode  is  inserted  will  become 
preen;  the  former  indicating  the  presence  of  mi  'id,  and  ihe  latter  of  alkali. 
If  the  direction  of  the  current  be  reversed,  the  colours  will  be  gradually 
reversed  also. 

This  experiment  may  be  modi  Lied  thus  :— ■ 

Let  two  tubes,  each  furnished  with  a  platinum  electrode,  be  filled  with  the 
coloured  saline  solution,  and  placed  in  two  separate  glasses,  connected  together 
by  a  glass  syphon-shaped  tube,  likewise  filled  with  the  saline  solution,  as 
phown  in  Fig,  154.  On  transmitting  the  current,  it  will  be  found  that,  not- 
withstanding they  are  inverted  in  separate  glasses,  the  liquid  in  P  will  be 
turned  red,  and  that  in  N  green,  as  before;  and,  if  the  experiment  ha  con- 
tinued sufficiently  long,  the  alkali  of  the  salt  will  be  found  to  have  passed 
I'  t>>  y,  and  the  acid  from  N"  to  P;  the  acid  and  alkali  appearing  to 
rse  the  syphon  in  npi«site  directions,  and  the  usual  chemical  affinities 
appearing  to  be  suspended  under  Ihe  influence  of  electrical  attraction. 

2.  A  solution  of  common  salt  in  water  acidulated  with  hydrochloric  acid, 
led  coloured  blue  with  a  few  drops  of  the  sulphuric  solution  of  indigo,  may  be 
introduced  into  a  glass  cell,  divided  into  two  compartments  by  a  diaphragm 
composed  of  two  or  three  folds  of  bibulous  paper  (Fig.  155)-  *-*n  transmitting 
a  voltaic  current  through  the  solution,  it  will  be  found  in  a  few  minutes  that 
the  compartment  in  which  the  positive  electrode  is  immersed  has  lost  its 
colour,  -while  the  liquid  in  the  other  compartment  h  unaltered;  but  on 


I' 


VOLTAIC   ELECTMCITY. 


Fig.  *JS- 


reversing  Che  direction  of  the  current,  (he  liquid  in  this  compartment  will 
alsu  he  discoloured.   In  this  experiment  Marina  is  eliminated  at  the  positive 

electrode  and  hydrogen  at  the  negative ; 
the    former    element    possessing    the 
ly  of  blenching  indigo. 
3.  Let  the  cell  be  filled  with  a  weak 
solution  of  starch  acidified  with  hydro- 
chloric acid,  and  a  few  drops  of  mrihfe 
of  potassium  added.     Then,  after  di- 
viding   the    cell  by   a  diaphragm  of 
bibulous  paper,  let  the  voltaic  current 
be  transmitted  as  before.    The   liquid 
in     the     positive    compartment    will 
speedily  become  blue,  owing  to  the  liberation  there  of  iudiue,  which,  entering 
Immediately  into  combination  with  the  starch,  forms  an  iodide  of  starch  of 
a  line  blue  colour. 

4.  Let  the  cell  be  filled  with  solution  of  salt,  to  which  a  few  drops  of  solu- 
tion of  ferroci/aiiide  nf  potassium  have  been  added.  Introduce  into  each  eora- 
pnrinient  a  plate  of  iron  as  an  electrode;  in  a  few  minutes  the  liquid  in  the 
positive  compartment  will  become  of  a  deep  blue  colour,  in  consequence  of 
the  oxidation  and  solution  there  c-f  the  iron,  and  the  consequent  formation 
of ' pruani'in  blue  by  reaction  with  the  solution  of  the  ferrocyanide. 

5.  Fill  a  tall  cylinder  with  a  moderately  strong  solution  of  sulphate  of 
copper;  connect  a  long  platinum  slip  with  either  end  of  a  voltaic  battery, 
and  immerse  them  in  the  solution.  In  a  few  seconds  the  plate  connected 
with  the  ntpaltM  electrode  will  become  covered  with  metallic  copper,  that  in 
connection  with  the  punitive  electrode  remaining  bright.  Reverse  the  direction 
of  the  current,  the  metallic  cupreous  deposit  will  gradually  vanish  from  the 
platinum  plate,  and  make  its  appearance  on  the  other  plate,  now  the  negative 
electrode.  In  the  electrolysis  of  metallic  solutions,  the  metals,  when  reduced, 
always  appear  it  the  negative  electrode. 

A  rpniftrltfible  p&per  00  Sows  Chemical  Agamies  of  Electricit;/ 

waa  communicated  to  the  Royal  Society  in  November  1806  l.y 

Davy.    Amongst  other  experiments  the  following  are  described : — 

*  An   arrangement  was  made  consisting  of  three  vessels,  as  shown  in 

Fig.  156,     Solution  of  sulphate  of  potottt  was  placed  in  contact  with  the 

negatively    electrified    point, 
Fi_      6  pure  water  was  placed  in  con- 

tact with  the  positively  elec- 
trified point,  and  a  weak  solu- 
tion rf  ammonia  was  made  the 
middle  link  of  the  conducting 
chain,  so  that  no  sulphuric  acid 
could  pass  to  the  positive  point 
in  tin;  distilled  water  without 
passing  through  the  solution  of 
ammonia ;  the  three  glasses  were  connected  together  by  pieces  of  amianthus. 
A  powu  of  150  pairs  was  used.  In  less  than  five  minutes  it  was  found  by 
litmus  paper  that  acid  was  collecting  round  the  positive  point;  in  half  an 
hour  the  result  was  sufficiently  distinct  for  accurate  examination,  i  li>' 
water  was  sour  to  the  taste,  and  precipitated  solution  of  nitrate  of  barytes. 
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Mnrialk-  acid  from   muriate  of  aoda  and   nitric   acid  from 

nitrate  of  potash  were  transmitted  through  concentrated  alkaline  menstrua 
miller  similar  circumstances  ;  when  distilled  water  was  placed  in  the  negative 
part  of  the  circuit,  a  solution  of  sulphuric,  muriatic*  or  nitric  acid  in  the  middle, 
and  any  neutral  salt  with  a  base  of  lime,  nda,  potaJL,  ammonia,  nr  maameun 
in  the  (lositive  part,  the  alkaline  matter  waa  transmitted  thruagh  the  acid 
matter  lo  the  negative  surface,  with  sJmiUr  circumstances  to  those  occurring 
during  the  passage  of  the  acid  through  alkaline  menstrua.' 

These  experiments  excited  at  the  time  they  wen?  announced  the 
utmost  astonishment ;  and  the  only  way  by  which  they  could  at 
all  be  explained  was  by  suppling-  that  throughout  the  whole 
circuit  the  natural  affinities  of  substance*  are  suspended,  but  again 
recovered  when  they  are  dismissed  at  the  electrodes  by  which  they 
attracted. 

(««S)  Brpotheils  of  Grotthua. —  The  curliest  and  mo«l 
phtuaible  theory  to  explain  the  chemical  decompositions  effected 
by  the  voltaic  battery  was  that  of  Grotthus.  He  assumed  that  each 
constituent  of  a  binary  compound  ia  in  an  opposite  electrical  state, 
one  of  the  elements  being  electro-positive,  and  the  other  electro- 
negative ;  and  that  under  the  influence  of  the  contrary  electricities 
of  Che  poles  01  electrode*  there  is  effected  in  the  liquid  in  which 
they  are  immersed  a  series  of  decompositions  and  recoui positions 
from  pole  to  pole.  Take  for  example  the  case  of  water.  In  its 
natural  or  unelectrified  state  the  natural  electricities  of  the  mole- 
cules of  oxygen  and  hydrogen  are  in  equilibrium,  aa  they  each 
possess  an  exactly  equal  amount  of  the  opposite  forces,  the  oxygen 
being  electro-negative,  that  is,  having  a  natural  attraction  for 
negative  electricity,  and  the  hydrogen  electro-positive,  i.e.  having 
a  natural  attraction  for  positive  electricity.  When  bronght  under 
the  influence  of  the  voltaic  current,  the  row  of  molecules  between 
the  poles  or  electrodes  is  thrown  first  into  an   electro-polar  state, 
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that  is,  the  electro-negative  molecules  turn  towards  the  posit  he 
electrode,  and  the  electro-positive  molecules  turn  towards  the 
negative  electrode,  as  shown  in  Fig.  157  (a),  where  the  dark  half- 
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circles  represent  the  molecules  of  electro-negative  oxygen,  and  the 
light  half-circles  those  of  electro-positive  hydrogen. 

The  positive  electrode  p  acts  hy  induction  on  the  electricity  of 
the  molecule  of  water  a ;  the  oxygen  takes  a  negative  charge,  and 
turns  towards  the  positive  electrode.  In  like  manner  the  negative 
electrode  m  acts  by  induction  on  the  electricity  of  the  molecule  e, 
the  hydrogen  of  which  takes  a  positive  charge,  and  turns  towards 
the  negative  electrode.  The  positive  electricity  of  a  thus  accu- 
mulated on  the  hydrogen  molecule  produces  the  same  action  on  b  as 
the  positive  electrode  produced  on  it ;  b  in  like  manner  acts  upon 
e ;  con  d,  and  so  on,. until  all  the  particles  of  water  between  the 
two  electrodes  assume  the  polar  arrangement  shown  in  the  figure. 
If  now  the  voltaic  current  be  sufficiently  powerful,  discharge  takes 
place  along  the  whole  line  of  particles,  the  oxygen  of  each  mole- 
cule passing  on  to  the  hydrogen  of  the  one  on  its  left,  consequently 
a  molecule  of  oxygen  is  left  free,  and  escapes  as  gas  at  the  positive 
electrode,  and  a  molecule  of  hydrogen  is  left  free,  and  escapes  aa 
gas  at  the  negative,  thus :  — 
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The  same  theory  is  applicable  to  every  case  of  the  decomposition 
of  a  single  electrolyte,  and  also  to  the  remarkable  experiments  of 
Davy.  In  all  cases  there  must  be  one  unbroken  series  of  particles 
of  the  electrolyte  between  the  two  electrodes ;  and  in  the  case  in 
which  the  acid  and  alkaline  constituents  of  the  salts  appear  to  be 
drawn  through  pure  water,  ammonia,  &c,  the  decomposition  could 
not  have  commenced  until  a  portion  of  the  salt  had  passed  by 
capillary  attraction  across  the  syphons,  so  that  a  continuous  line  of 
saline  particles  was  established  between  the  electrodes. 

(116)  Water  may  serve  aa  an  Electrode.— A  substance 
cannot  be  transferred  in  the  electric  current  beyond  the  point  where 
it  ceases  to  find  a  particle  with  which  it  can  combine.  A  single 
ton,*  that  is,  one  not  in  combination  with  another,  will  have  no 

•  Faraday  proposes  to  call  the  elements  of  an  electrolyte  tiro*,  from  liiy, 
participle  of  the  verb  «Vt  (to  go).  The  tins  which  make  their  appearance  at 
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tendency  to  paw  I  a  t-ither  electrode,  sad  will  be  perfectly  imlii'- 
ferent  to  the  passing  current.  If  combined  in  righl  proportions 
with  another  ilk  strongly  opposed  to  it  in  ordinary  chemical  rela- 
tions, that  is,  if'  mi  union  he  combined  with  H  vatiiin,  then  both  will 
travel,  t J i e  one  to  the  anode,  and  the  other  to  the  cathode.  If, 
therefore,  an  iim  pass  towards  one  of  the  >  !■  mi  "I  .-,  another  ion 
must  be  i'Ism  passing  simultaneously  to  the  other  electrode,  though 
seeondaiy  action  it  may  not  make  its  appearance.  The 
nature  of  the  substance  of  which  the  electrode  is  formed,  provided 
it  be  a  conductor,  causes  no  difference  in  the  electro-chemical  de- 
<-. .in position,  either  in  kind  or  degree,  though  by  secondary  action 
it  may  greatly  influence  the  state  in  which  the  tow*  finally  appear. 
The  beautiful  experiments  of  Faraday,  in  which  air  was  shown 
to  act  aa  a  pole,  have  been  referred  to  (jfi).  By  the  following 
arrangement  the  decomposition  of  sulphate  of  magnesia  against  a 
surface  of  water  is  satisfactorily  demonstrated  : — 

A  glass  basin,  four  inches  in  diameter  ami  four  inches  deep,  had  a  division 
of  aura  a  (Fig.  158)  fixed  across  its  upper  pint  so  as  to  descend  one  inch 
mid  a  half  below  the  edge  and  be  perfectly 
water-tight  at  the  sides.  A  plate  of  platinum 
li,  three  inches  wide,  was  put  into  the  basin  1111 
one  side  of  the  division  a,  and  retained  there 
by  a  glass  block  below,  so  that  any  gns  pro- 
duced iiv  It  iii  .1  future  stage  of  the  experi- 
ment should  not  ascend  beyond  the  mica,  arid 
cause  currents  in  the  liquid  on  that  side.  A 
strong  solution  of  sulphate  of  magnesia  whs 
carefully  poured  without  splashing  into  the 
basin,  until  it  rose  a  little  above  the  lower 
edge  of  the  mica  division  a,  great  care  being 
Udwfl  that  the  glass  or  mica  on  the  unoccu- 
pied or  c  side  of  the  division  in  the  figuru 
should  not  be  moistened  by  agitation  of  the 
solution  above  the  level  to  which  it  rose.  A 
thin  piece  nf  cork,  well  wetted  in  distilled 
water,  was  then  carefully  and  lightly  {daeed 
on  the  solution  at  the  c  side,  and  distilled 
waiai  pound  gently  on  to  it,  until  a  stratum 

the  eighth  of  an  inch  in  thickness  appeared  over  the  sulphate  of  magnesia. 
AH  was  then  left  for  a  few  minutes,  that  any  solution  adhering  to  the  cork 
■night  sink  away  from  it,  or  be  removed  from  tha  water  on  which  it  now 
floated,  and  then  more  distilled  water  was  added  iu  a  similar  manner  until 
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the  positive  electrode,  or  numb:,  he  calls  amans;  the  term  anode  being  derived 
Irom   Sea  (upwards),  and  oS'of   (way) — t/it  Wttj  which  ihr.  tun.  rite*;   llii 

which  make  their  appearance  el  ihu  neguiivi-el*.  m,.  ■  ■•/«,  he  call* 

cntuint;  the  term   eathoA    l"-iug  derived  from  ,50711  (downwards),  and  Wos 
(way)— tAe  tcay  which  the  tun  teti. 
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it  reached  nearly  to  the  top  of  the  glass.  In  this  way  solution  of  sulphate 
(if  magnesia  occupied  tha  lower  |ian  of  the  glass,  as  also  the  upper  on  tlio 
I  side  of  the  mien;  but  on  the  left-hand  side  of  tlie  division,  a  stratum 
of  -water  from  e  to  d.  one  inch  and  ■  half  in  d..-|.th,  reposed  upon  it  The 
two  presented,  when  looked  through  horizontally,  u  comparatively  definite 
plane  of  contact. 

A  second  platinum  pole  c  was  arranged  so  as  to  be  just  under  the  surface  of 

the  water  in  a  position  nearly  horizontal,  a  little  inclination  being  given    to 

it,  that  gas  evolved  during  decomposition  might  escape.    The  part  immersed 

was  three  inches  and  a  half  long  by  one  inch  wide;  and  about  seven  inches 

r  intervened  between  it  and  the  solution  of  sulphate  of  magnesia. 

The  latter  pule  e  was  now  connected  with  the  negative  end  of  a  strong  vol- 
taic battery,  whilst  the  former  pole  b  was  connected  with  the  positive  end. 
Gas  was  evolved  at  both  poles,  but  from  the  intervention  of  puw 
decomposition  was  very  feeble  compared  to  what  the  battery  would  have 
effected  in  a  uniform  solution  After  a  while  (less  than  a  minute), magnesia 
also  appeared  lit  the  negative  end.  It  did  mat  make  its  appearance  at  //<<• 
nrgntlve  metallic  pale,  hut  in  the  water  at  the  place  where  the  solution  and  the 
water  met;  and  on  looking  at  it  borizontally.it  could  there  be  pared 
lying  in  the  water  upon  the  solution,  not  rising  more  than  the  fourth  of  an 
inch  above  the  latter,  whilst  the  water  between  it  and  the  negative  pole 
was  perfectly  clear.  On  continuing  the  action,  the  bubbles  of  hydrogen 
rising  upwards  from  the  negative  pole  impressed  a  circulating  movement  on 
the  stratum  of  water,  upwards  in  the  middle  and  downwards  at  the  aide, 
which  gradually  gave  an  ascending  form  to  the  cloud  of  magnesia  in  the 
part  juat  under  the  poie,  having  an  appearance  as  if  it  were  than  attnotad 
to  it,  but  this  was  altogether  an  cllect  of  the  currents,  and  did  not  occur  till 
lung  alter  the  phenomena  looked  for  were  satisfactorily  ascertained. 

(117)  Transfer  of  Elements. — No  element  or  substance  can 
be  transferred  or  puss  lr  in  pole  to  pole  unless  it  be  in  chemical 
relation  to  some  other  element  or  substance  tending  to  pass  in  the 
ate  direction,  the  effect  being  essentially  due  to  the  mutual 
relation  of  such  particles.  Thus,  pulverised  charcoal  or  suhlini  il 
■•"dplmr,  diffused  through  dilute  sulphuric  acid,  exhibits  no  tendency 
to  pass  to  the  negative  pole,  neither  do  eptwyij  platinum  or  yold  pre- 
cipitated by  sulphjite  of  iron  :  yet  in  these  cases  the  attraction  of 
cohesion  is  almost  perfectly  overcome  ;  the  particles  are  so  small 
as  to  remain  for  hours  in  suspension,  and  are  perfectly  &ee  to  move 
by  the  slightest  Impulse  towards  either  pole. 

As  an  illustration  of  the  transfer  of  elements,  and  their  progress 
in  opposite  il ire ct ions  parallel  to  the  electric  current,  the  decompo- 
n  of  chloride  of  silver  by  silver-win-  electrodes  may  !>•  referred 
to.  Upon  fusing  a  portion  of  this  compound  on  a  piece  of  glass, 
and  bringing  the  poles  into  contact  with  it,  there  is  abundance  of 
silver  evolved  at  the  negative  electrode,  and  an  equal  quantity  ab- 
sorbed at  the  poM/ive,  tor  no  chlorine  is  set  free,  and  by  careful 
management  the  negative  -wire  may  be  drawn  from  the  fused 
globules  as  the  silver  is  reduced  there,  the  latter  serving  as  the 
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CcntfaraatiQ  pole,  until  a  wire  or  thread  of  revived  ufoex 

live  or  six  inches  in  length  is  produced.  Ai  the  same  time  the 
silver  at  the  positive  electrode  is  rapidly  dissolved  hy  the  chlorine 
which  seizes  upon  it,  so  that  the  wire  has  to  be  continually  nd- 
d  as  it  is  melted  away.  The  whole  experiment  includes  the 
action  of  only  two  elements— si'/wr  and  chhriif . 

I  i  i  S  )  Electro -chemical  Classification  of  Elements. — The 
wing  arrangement,  though  not  altogether  derived  from  experi- 
iu<  nl.  mil  therefore  subject  to  correction  and  modification,  is  use- 
ful as  indicating  the  electrical  tendencies  of  a  large  number  of 
bodies.  In  the  list  of  negative  substances,  each  element  is  to  be 
considered  ns  negative  to  all  bel-"w  and  ]  all  above  it  in 

the  list,  and  the  same  applies  to  the  list  of  positive  Bubstaz 
The  elements  are  therefore  negative  or  positive  only  in  relation  to 
each  other.  Thus  supposing  a  compound  of  o.njt/eit  and  chlorine  to 
be  electrolyzed,  the  oxygen  would  go  to  the  positive  and  the  chlo- 
rine to  the  negative  electrode ;  but  if  the  compound  were  composed 
of  cJdorme  and  pho$plwruat  then  the  chlorine  would  go  to  the  posi- 
tive, and  the  phosphorus  to  the  negative  electrode  : — 


I.  Electro-negative  Elements. 

II.  Electro-positive  Elements, 

Oxygen. 

Potassium. 

Sulphur. 

Sodium. 

Selenium. 

Lithium. 

Nitrogen, 

Barium. 

Fluorine, 

Strontium. 

Chlorine. 

Calcium. 

B  routine. 

Magnesium. 

Iodine. 

Aluminum. 

Phosphorus. 

Uranium. 

Arsenic 

Manganese. 

Chromium. 

Zinc. 

Vanadium. 

Iron. 

Tungsten. 

Nickel. 

Horon. 

Cobalt. 

Carbon. 

Cadmium. 

Antimony. 

Lend. 

Tellurium, 

Tin, 

Titanium. 

Biamulh. 

Silicon. 

Copper. 

Hydrogen. 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Gold. 

(i  19)  Definite  Electro-cliemical  Action. — This  was  one  of  the 
grand  discoveries  of  Faraday.     In  the  investigation  of  the  question 

t  2 


212 


VUI.TAIC    ELBCTBIPITY. 


it  was  necessary  to  construct  an  instrument  which  should  mes 
out  the  electricity  paariog  through  it,  and  which,  Lrin^  interp 
in  the  course  of  the  current  used  in  any  particular  experiment, 
should  serve  at  pleasure  either  as  a  comparative  ttandard  of  affect, 
ni  is  a  positive  measurer  of  the  agent  Water  acidulated  with 
sulphuric  acid  was  the  electrolyte  chosen,  and  Fig.  159  exhibits 
OHe  nf  the  forms  of  apparatus  employed,  to  which  Faraday  gave 
the  appropriate  name  of  the  VoUameierot  tli--  VvUu-elecirometer :  — 
d  is  a  straight  tube,  closed  at  one  extremity,  and  graduated  ;  through  tho 
rides  near  the  open  end  the  platinum  wires  b  b'  pass,  being  fused  into  the 
glass  and  connected  with  the  platinum  plates  within.    The  tabe  is  fitted  by 


Big.  >?'j. 


fg. 


grinding  into  one  mouth  of  a  double-necked  bottle,  one-half  or  two-thinh 
filled  with  water  acidulated  with  sulphuric  acid.  The  tube  is  filled  by  in- 
clining the  bottle;  and  when  an  electric  current  is  passed  through  it,  the 
gages  evolved  collect  in  the  upper  part  of  the  tube,  and  displace  the  dilate 
acid,  the  stopper  c  being  left  open.  When  the  graduated  tube  a  is  tilled 
with  the  mixed  gases,  the  electric  current  may  be  broken  by  removing  the 
wire*  connected  with  b  h',  the  stopper  c  replaced,  and  the  meter  tube  refilled 
by  properly  inclining  the  instrument;  &  second  meaaure  of  gas  may  then  be 
connected  on  re-establishing  the  circuit,  and  so  on.  Many  other  forms  may 
be  given  to  this  instrument.  Fig.  160  is  a  useful  arrangement,  especially 
when  the  experiments  are  long  continued,  and  where  large  quantities  of  tho 
indicating  gases  are  to  be  collected.  The  method  of  using  it  is  sufficlentlv 
obvious.  The  delivery  tube  conducts  the  gases  into  a  graduated  receiver 
standing  on  the  shelf  of  a  hydro-pneumatic  trough,  where  tliey  can,  from 
time  to  time,  be  measured. 
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By  a  series  of  experiments  made  with  this  apparatus  under  a 
variety  of  forms,  with  different  sized  platinum  electrodes,  with 
acid  solutions  of  varioiiB  degrees  of  Strength,  and  with  current-  of 
varying  degrees  of  intensity,  it  was  prov 

•  Thnt  ualer  tc/ttu  subjected  to  the  influence  of  the  electric  current  it  detvm- 
'  in  quantity  exactly  proportionate  tn  the  quantity  of electricity  which  pnsset 
A  it,  whatever   inuij  it   the   conditions  ami  circuinftances    under   which   it 
mtty  be  placed? 

Hence  the  instrument  maybe  employed  with  Confidence  as  an 
exaCl  i in' usurer  of  voltaic  electricity.  Al  »  proof  that  viirinlion  of 
intensity  has  no  influence  on  tine  results  it  ricity 

ramain  the  some,  Faraday  ansangod  three  voltameters  in  such  a 
iiiioiiier  that  after  the  current  liad  passed  tb rough  one  it  di-. 
into  two   parts,  each  of  which  traversed  one  of  the  remaining 
instruments,  and  then  reunited. 

'  The  turn  <>/ the  decomposition*  in  the  two  latter  vessel*  icas  always 
rijiiii!  to  the  decomposition  in  the  former  eesseV 

To  insure  accurate  restdts,  the  plates  of  the  voltameter  should 
be  placed  very  close  to  each  other;  and  where  more  than  one 
instrument  is  included  in  the  circuit,  the  plates  should  be  the  sain© 
distance  apart  in  each.  The  chance  of  solution  of  the  gases  in  the 
acidulated  water  is  thus  iliinini«iiiMlt  and  rendered  uniform  in  each 
-■ill  more  accurate  results  are  obtained  by  collecting 
the  i  mly,  as  this  gas  is  scarcely  sensibly  soluble  in  % 

'  ]\'hm  the  same  current  pattee  tueeetwvehj  through  different  etec- 
'.■.f,  tin  quant&ie*  "f  theee  aompovtuu  deeofnpoaad}  and  of  the 
■ol  rli-nn nla  sKminated)  «>■<  ehemicaUy  equii  ■  h  other,' 

Example,  EJedrohjtie  Decomposition  of  Chloride  of  Tin. — 
Faraday  made  the  following  experiment : — 

A  piece  of  platinum  wire  had  one  extremity  coiled  into  a  bin  .ill  knob,  and 
baring  been  cnnfully  weighed,  was  sealed  hermetically  into  a  niece  of  bottle- 
gloss  tube,  SO  tliut  die  knob  should  be  at  the  bottom  of  Lhe  tube  within.  The 
lulu'  was  suspended  by  a  piece  of  platinum  wire,  so  that  the  heat  of  a  spirit- 
lamp  could  be  applied  to  it.  Recently  fused  protochloride  of  tin  was  introduced 
in  sufficient  quantity  to  occupy  when  melted  about  one-half  of  the  tab*. 
The  wire  of  the  tube  was  connected  with  the  negative,  electrode  of  a  voltaic 
battery,  and  a  platinum  wire,  connected  with  the  positive  electrode,  was 
dipped  into  the  fused  chloride  In  the  tube,  being,  however,  so  bcntth.it  it 
conld  not  by  ant*  shake  of  the  hand  or  the  apparatus  touch  the  negative 
electrode  at  the  bottom  of  the  vessel.  The  whole  arrangement  is  shown  in 
Fig.  161. 

Under  these  circumstances  the  chloride  of  tin  was  decomposed  j  the  chlorine 

evolved  at  l\ic  poiitive  electrode  formed  bichloride  of  tin.  which  passed  away 

in  i umes,  and  the  tin  evolved  at  the  negative  electrode  combined  with  the 

nun,  forming  an  alloy  fusible  at  the  temperature  to  which  the  tube  was 

subjected,  and  therefore  never  occasioning  metallic  communication  thrim^k 
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the  decomposing  chloride.  When  the  experiment  had  been  continued  for 
some  time,  the  battery  connections  were  broken,  the  positive  electrode  removed, 
and  the  tube  and  remaining  chloride  allowed  to  cool.  When  cold,  the  tube 
was  broken,  the  undecomposed  chloride  and  the  glass  being  easily  separable 
from  the  platinum  wire  and  its  button  of  alloy.  The  latter  when  washed 
was  re- weighed,  and  the  increase  gave  the  weight  of  the  tin  reduced. 


Fig.  161. 


r<^I 
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The  following  were  the  results  of  a  particular  experiment : — 

•  The  negative  electrode  weighed  at  first  20  grains :  after  the  experiment,  it 
weighed  with  the  button  of  alloy  23-4  grains.  The  tin  evolved  by  the  electric 
current  at  the  cathode  weighed  therefore  3-2  grains.  The  quantity  of  oxygen 
and  hydrogen  gases  collected  in  the  voltameter  amounted  to  3-85  cubic 
inches.  Now  as  100  cubic  inches  of  oxygen  and  hydrogen  in  the  proportion 
to  form  water  may  be  considered  as  weighing  1292  grains,  the  3*85  cubic 
inches  collected  in  the  experiment  would  weigh  0-49742  gr.,  that  being, 
therefore,  the  weight  of  water  decomposed  by  the  same  electric  current  that 
was  able  to  decompose  such  a  weight  of  protochloride  of  tin  as  could  yield 
3*2  grains  of  metal. 

Now  0-49742  :  9  (the  equivalent  of  water)  : :  3-2  :  579;  57-9  should, 
therefore,  be  the  equivalent  of  tin,  if  the  experiment  had  been  without  error, 
and  if  the  electro-chemical  decomposition  it  m  this  case  alto  definite.  In 
some  chemical  works  58  is  given  as  the  chemical  equivalent  of  tin ;  in  others, 
57-9.  Both  are  so  near  to  the  result  of  the  experiment,  and  the  experiment 
itself  is  so  subject  to  slight  causes  of  variation,  that  the  numbers  leave  little 
doubt  of  the  applicability  of  the  law  of  definite  action  in  this  and  all  similar 
cases  of  decomposition.' 

Faraday  experimented  upon  chloride  of  lead  in  a  manner  precisely 
similar,  except  that  plumbago  was  substituted  for  platinum,  as  the 
positive  electrode.  The  mean  of  three  experiments  gave  100*85  M 
the  equivalent  for  lead.  The  chemical  equivalent  is  103-5,  the 
deficiency  being  probably  attributable  to  the  solution  of  part  of 
the  gas  in  the  voltameter. 

In  some  experiments  several  substances  were  placed  in  succession, 
and  decomposed  simultaneously  by  the  same  electric  current : 


thua protochlorick  of  fin.  (Aforida  of  lead,  and  water  wen  bo* 

ftt  once  ;  the  results  were  in   harmony  with   each   Other,  the   tin, 
. .  ht'jriiu;  oxygen,  and  hydrogen  evolved  being  ffy/fWfa  iw  quantity, 
and  electro-chemical  equivalents  to  each  other. 

(120)  Absolute  Quantity  of    Electric  Force  in  Matter. — 

The  establishment  of  the  theory  of  </<  finite  ttbtetn-ah  lui'i/il  action 
led  Faraday  to  the  consideration  of  the  absolute  quantity  of  electric 
force  in  matter.  To  decompose  a  single  grain  of  acidulated  water, 
an  electric  Current  powerful  enough  to  retain  a  platinum  wire 
-rii  of  an  inch  in  thickness  red-hot  must  be  sent  through  it  for 
three  minutes  and  three  quarters:  and  this  quantity  of  electricity 
is  vqtml  to  a  -very  pnrccrfiil  Jtash  of  lightning.  Sot  the  electrical 
power  which  hold?  the  elements  of  a  grain  of  woterin  combination, 
or  which  makes  a  grain  of  oxygen  and  hydrogen  in  the  right  pro- 
portions unite  into  water  when  they  are  made  to  combine,  equals 
in  oil  probability  the  current  required  fur  the  reparation  of  that 
grain  of  water  into  its  elements  again,  and  this  Faraday  has  shown 
to  be  equal  to  800,000  charges  of  a  Leyden  battery  of  15  jar*, 
euch  containing  18+ square  inches  of  glass  coated  on  both  sides: 
indeed,  a  beautiful  experiment  is  described  by  FjuykIiiv,  in  which 
the  chemical  action  of  dilute  sulphuric  acid  on  3z'3i  pari 
l  in-  equivalent)  of  amalgamated  zinc,  in  a  simple  voltaic  circle;, 
was  shown  to  be  able  to  evolve  such  quantity  of  electricity  in  the 
form  of  a  current,  as,  pacing  through  water,  could  decompose 
9  parts  (one  equivalent )  of  that  substance  :  thus  rendering  complete 
the  proof  (bearing  in  mind  the  definite  relations  of  electricity) 
■  that  the  electricity  which  d  .  amUkal  which  it  ttBohted  hytlu- 

decomposition  <;/',  a  certain  Quantify  of  matter,  ore  ulikc.' 

{121)  Secondary  Seanlts. — When  the  material  out  of  which 
i.^:  electrodes  are  formed  is  liable  to  the  chemical  action  of  tie 
tances  evolved,  either  simply  in  consequence  of  their  natural 
relation  to  them,  or  of  that  relation  aided  by  the  influence  of  the 
current,  they  then  sutler  corrosion,  and  the  portions  dissolved  are 
subject  to  transference  in  the  same  manner  ns  the  particles  of  (he 
body  originally  under  decomposition.  Thus  mm:  can  combine  with 
oxygen  and  ucid,  and  if  made  the  positive  electrode  it  does  so 
combine,  and  immediately  begins  to  travel  aa  oxide  -  the 

ive  pole.  Charcoal,  if  made  the  negative  aleoteudl  in  a 
metallic  solid  ion,  refuses  to  unite  to  the  bodies  which  are  ejected 
from  a  eolation  on  its  surface  5  but  if  made  the  positive  electrode 
in  dilute  sulphuric  acid,  it  is  capable  of  combining  with  the  oxygen 
evolved  there,  and  consequently  unites  with  it,  producing  both 
carbonic  acid  and  carbonic  oxide. 

Again,  if  the  electrodes  employed  to  electrolyse  a  solution  of 
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sulphate  of  soila  be  both  platinum,  the  dived  results  of  the  vol 
<t(  ruinj.iisition  of  the  earl  uk  ■  ilitnined,  because  the  platinum  has  BO 
{' iodi  nry  i"  combine  with  either  the  hydrogen,  oxygen,  acid,  or 
alkuli   evolved ;   but  if  platinum  be  the  positive  electrode  in  a 

km  ofnArefeor  acetate  of  lead,  then,  instead  of  oxygen  bi 
BYolved)  peroMih  »//<■««/ is  ilc posited  on  the  plate  in  consequence 
01  the  lotion  of  the  nascent  oxygen  on  the  protoxide  <if  lead. 
When  a  compound  yields  uncombined  and  unaltered  at  the 
pleetaodea  those  bodies  which  have  been  separated  by  the  ek 
rurn  til,  the  results  are  considered  as  primary;  lm(  when  anv 
set-oud  reaction  takes  place,  by  which  tie-  which  appeal' 

ni  the  electrodes  are  not  those  which  the  immediate  decomposition 
of  tin-  compounds  would  produce,  then  the  results  sre  secondary, 
although  the  bodies  evolve)]  may  be  elementary.  Thus,  if  solution 
of  dtmnoma  be  decomposed  bj  platinum  electrodes,  nttrvgen  up: 
at  lie-  positive  electrode;  but  though  an  elementary  body,  it  is  a 
ueottdaty  result  in  this  case,  being  derived  from  the  chemical 
action  of  the  oxygen  evolva 1  there  upon  the  ammonia  in  the  sur- 
rounding solution.  In  the  same  manner,  when  aqueous  bo1u1 
of  Certain  metallic  Haiti  are  electrolyzed,  the  metals  evolved  at 
the  negative  pnle,  though  elements,  are  secondary  result*,  and  not 
immediate  consequences  of  the  decomposing  power  of  the  current. 
(122)  Crystallizations  and  Decompositions  by  Feeble 
Currents. — Hy  exposing  different  metallic  solutions  to  the  action 
of  feeble  electrical  currents,  using  electrodes  of  various  nature, 
si  line  very  interesting  results  were  obtained  by  JBecquerel  (Trolic 
'ritn'cite,  torn,  iii.  p.  387  et  aeq.)  : — 

Suboxide  nf  tapper,  in  the  form  of  small  bright  oclobedroiis  of  a  deep  red 
colour,  was  obtained  by  Hlliiig-  u  tube  with  a  solution  of  nitrate  of  copper, 
placing  nt  the  bottom  some  powdered  protoxide,  and  plunging  into  tb<  liquid 
a  plate,  of  ooppox.  The  tube  being  then  hermetically  sealed,  the  crystals  maile 
their  appearani-p  in  about  ten  days. 

<  ijituliixed  protoxide  of  lead  was  obtained  by  placing  at  the  bottom  of 
a  tube  some  pulverized  litharge,  and  pouring  over  it  a  slightly  diluted 
solution  of  subacotatc  of  lead,  then  plunging  in  a  plate  of  lead  which  was 
equally  in  contact  with  the  litharge  ;  the  tnbe  was  then  hermetically  sealed, 
and  the  surface  of  the  plate  became  gradually  covered  with  crystals  of 
bydrated  protoxide  of  lead. 

Crystallized  oxide  of  z'mc  was  obtained  thus:  two  bottles  were  tilled,  one 
with  11  solution  of  oside  of  zinc  in  potash,  and  the  other  with  a  solution  of 
nitrate  of  copper;  a  communication  was  established  between  them  by  means 
of  a  bent  tube  filled  with  potter's  clay,  moistened  with  a  solution  of  nitrate 
nf  potash  ;  a  plate  of  lead  was  immersed  in  the  solution  of  zinc,  and  a  plate 
of  copper  in  the  solution  of  copper.  These  two  plates  were  put  into  metallic 
communication  with  each  other.  Hie  nitrate  of  copper  was  decomposed  in  con- 
sequence by  the  current  proceeding  from  the  action  of  the  alkali  on  the  lead  ; 
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the   oxygen  and  the  nitric  acid   were  transferred  to  the  lead,  and  these 
produced  nitrate  of  potash  and  oxide  Of  lead,  which  was  dissolved   in  (he 

alkali. 

After  the  experiment  hod  been  continued  lor  some  days,  small  clear  crystals 
of  oxide  of  zinc  were  found  depositation  the  plate  of  lead, 

Chloride  of  tileer  was  obtained,  in  the  form  of  translucent  octohedra,  bv 
immersing  a  plate  of  silver,  attached  by  a  wire  of  the  same  metal  to  a  piece 
of  charcoal,  in  a  tube  containing  hydrochloric  acid. 

Chloride  nf  copper,  and  the  sulphides  of  silver,  lead,  and  tin,  were  also 
obtained  in  beautifully  crystalline  forms  by  a  similar  method  of  experi- 
menting. 

The  attention  of  Becguefel  was  subsequently  more  particularly 
directed  to  those  weak  electricul  actions  which  are  set  up  when 
rocks  and  the  metallic  and  other  substances  which  occupy  mineral 
veins  and  beds,  come  in  contact  with  the  mineral  waters  which 
rise  from  the  interior  of  the  earth.  The  following  experiments 
among"  many  others,  are  described : — 

1.  A  plate  of  amalgamated  zinc  surrounding  a  copper  wire  was  plunged 
into  a  solution  of  silica  in  potash.  After  a  fortnight's  action,  small,  PSgu- 
I  ir,  octohcdral  Crystals  of  ht/drutr.d  oxide  nf  sine  were  formed  on  the  zinc 

plate. 

2.  A  lend-copper  arrangement  was  substituted  for  the  zinc-copper,  en  seals 
of  ajdiydrnus  oxide  nf  lead  were  deposited  on  the  lead  plate. 

3.  lumps  of  galena  were  left  for  several  years  in  solutions  of  chloride  of 
tadiKM  and  sulphate  of  cupper.  The  following  products  wor»  formed  •— (a) 
chloride  of  sodium  in  cubes  and  other  crystalline  tonus  of  great  regularity 
■n  I  brilliancy;  (I)  chloride  of  lea  d  in  needles  and  cubes;  {c)suiplmle  <>f  tend 
ill  octohedra;  {W)  cldoro-sulphate  of  lead  in  needles;  (e)  basic-chloride  of  lead 
in  microscopic  crystals;  (_/')  sulphide  of  copper  black,  but  without  any  ap- 
pearance of  crystallization. 

Becquerel  thinks  that  elruilar  reactions  take  place  in  nature: 
rniii  water  coming  into  contact  with  mineral  masses  and  veins 
formed  of  metallic  combinations  becomes  charged  with  chloride 
of  sodium,  and  sulphate  of  copper  arising  from  the  decompontUui 
of  copper  pyrites;  the  resulting  solutions  coming  into  contact 
with  galena,  react  upon  it  weakly,  and  give  rise  to  the  various 
compounds  above  described. 

By  operating  with  weak  and  lonp-eniitinned  electrical  currents, 
some  very  interesting  results  were  likfwi.se  obtained  by  Mr.  I !] 
Thus,  beautiful  translucent  crystals  of  carbonate  of  lime  were  ob- 
tained over  the  whole  surface  of  a  piece  of  shite  immersed  in  spring 
water  and  connected  willi  the  negative  electrode  of  a  sulphate 
of  copper  battery,  the  platinum  wire  constituting  the  positive 
electrode  being  twisted  round  a  piece  of  mountain  limestone  also 
immersed  in  t be  water;  in  the  same  way  rio/ocMfw  carbonate  of 
ttroHtia  and  mamillated  carbonate  of  baryta,  and  the  sulphate*  of 
atrontin  ami  baryta  in  crystalline  forms,  were  obtain  rify- 
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ii)g   [»- i.'-il H t. *-ly    in  .spring  Water,  native  CtrboDAtefl    mid    Hilphate* 

rants*  utd  bitrytn ;  and  crystals  of  mlicia  aeidvreta  obtain) 
electrifying  positively  a  piece  of  solid  opaqne  waits  quarts  in  a 
solution  of  pun:-  carbonate  of  potash. 

By  the  following  simple  arrangement,  suggested  by  the  late  Dr. 
(inMirii:  Ilinl.  lim-  rr\  ,-1:i]-  Of  ■  "/<J."v.  Btlboxtds  of  riijiju-r,  Mini  •ifiilr 
nt  zinc  may  be  obtained :  — 

A  glass  tube  open  at  both  ends,  about  half  an  inch  in  diameter  and  three 
in  las  ju  length,  is  closed  at  one  end  by  means  of  a  |>lug  of  plaster  of  pari! 
about  one-eighth  of  an  Inch  in  thickness.  The  tube  is  filled  with  a  moder- 
ately dilute  solution  of  nitrate  or  chloride  of  copper,  and  placed  inside  a 
cylindrical  glass  vessel  nearly  filled  with  a  weak  solution  of  potash  or  soda. 
The  leaden  leg  of  a  compound  lead  and  copper  arc  is  plunged  into  the  outer 
cylinder  and  the  copper  leg  into  the  tube.  The  lead  slowly  dissolves  in  the 
alkaline  solution,  and  electric  action  is  set  up:  the  current  traverses  the 
plaster  of  paris  partition,  and  the  oxide  of  copper  (precipitated  by  the  slow- 
admixture  of  the  alkaline  solution  with  the  copper  salt)  is  reduced  partly  to 
the  metallic  stale,  nnd  partly  to  suboxide,  hoth  of  which  crystallize  on  the 
negative  copper  leg  of  the  arc.  If  a  solution  of  oxide  of  zinc  in  caustic 
potash  be  substituted  for  the  uncomldneil  alkali  in  the  larger  vessel,  a  crys- 
talline deposit  of  oxide  of  ziuc  takes  place  in  about  eight  or  ten  days  on  At 
li'Uil  Of  positive  plate,  while  fine  crystals  of  capper  and  suboxide  are  deposited 
on  tbe  copper  or  negative  plate, 

(113)  Electrolytic    Reduction    of   Metals. —  The    eleti 

reduction  of  the  metals  of  the  alkalies  was  originally  Bocampli&hdd 
by  Davy  with  a  battery  of  100  pairs  of  6-inch  copper  and  zinc 
plat-es,  but  may  be  effected  with  a  aeries  of  8  or  10  cells  of  Grove's 
or  Bunsen'e  battel?  in  the  following;  manner : — 

Let  a  cavity  he  scooped  in  a  piece  of  pure  moistened  caustic  potash  or 
soda,  and  let  it  be  tilled  with  mtrcurv  :  lay  the.  alkali  on  a  strip  of  platinum 
foil  connected  with  the  positive  electrode  of  the  battery,  and  introduce  into 
the  mercury  a  platinum  wire  in  contact  with  the  negative  electrode,  an 
amalgam  of  potassium  or  sodium  with  mercury  will  speedily  he  formed.  In 
like  manner  the  ammun'uical  amalgam  may  be  formed  by  pouring  a  little 
mercury  into  a  hole  scooped  in  a  lump  of  sal-ammoniac,  and  connecting  the 
mercury  with  the  negative  anil  the  moistened  sal-ammoniac  with  the  posi- 
tive electrode.  This  is  a  very  striking  experiment,  the  globule  of  mercury 
gradually  increasing  in  size  until  it  extends  far  beyond  the  cavity  Wbiofa 
iir.i  contained  it.  The  ;ininl^am  is  produced  more  rapidly  and  copiooaty  If 
the  mercury  be  previously  combined  with  a  small  quantity  of  potassium  or 
sodium. 

By  means  of  the  little  apparatus  shown  in  Fig-.  162,  the  late  Dr. 
(lidding  Bird  succeeded  in  obtaining  amalgama  of  potassium,  sodium, 
and  ammonium,  and  other  metals,  in  a  crystalline  form,  witb  tin 
feeble  current  from  a  single  Danielle  cell  (Phil.  Tram.,  1S37)  : — 

A  glass  cylinder  d,  1-5  inch  in  diameter  and  4  inrhes  in  length,  is  closed 
at  one  end  by  means  of  a  plug  of  plaster  of  paris  07  inch  in  thickness ;  the 
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cylinder  is  fixed,  by  means  of  corks,  inside  c,  a  cylindrical  glass  vessel  a, 
about  eight  inches  deep  and  two  in  diameter.  A  piece  of  copper  e,  six 
inches  long  and  three  inches  wide,  having  &  copper  conducting  wire  k  sol- 
dered to  it,  is  loosely  coiled  up  and  placed  in  the  small  cylinder  with  the 
plaster  bottom  ;  a  piece  of  sheet  zinc  e  of  equal  size  is  also  loosely  coiled  up 
and  placed  in  the  large  external  cylinder,  being  furnished,  like  tbecoppet 
plate,  with  a  conducting  wire/.     The   larger  cylindrical  glass  Mag   llBM 


filled  with  weak  brine,  and  the  smaller  with  a  saturated  solution  of  tulfili.it. 
■per,  the  two  fluids  being  prevented  from  mixing  by  the  plaster  of  paris 
lagrn,  the  apparatus  is  complete,  and  will  avail  to  give  ■ 
current  of  electricity  for  some  weeks,  provided  care  be  taken  that  the  fluids 
in  the  two  cylinders  are  maintained  at  the  same  level. 

The  decomposing  cell  is  the  counterpart  of  the  battery  itself.  It  consists 
of  two  glass  cylinders,  one  within  the  other,  the  smaller  one  g  having  a 
bottom  of  plaster  of  paris  tixed  into  it;  this  smatlrr  tube  is  about  h.ilt'  1111 
inch  wide  and  three  inches  long,  and  is  intended  to  hold  mercury  and  the 
metallic  solution  submitted  to  experiment;  the  external  vessel  y  in  which  it 
is  immersed  being  filled  with  a  weak  solution  of  common  salt.  In  the  latter 
a  slip  of  amalgamated  zinc  »  is  immersed  for  the  positive  electrode,  being  sol- 
dered to  the  wire  coming  from  the  positive  plate  uf  the  battery;  whilst  for  ib- 
<trode  a  slip  of  platinum  foil  A  fixed  to  the  wire  from  tin?  ainfl 
plate  of  the  battery  pusses  through  a  cork  lixt-d  In  t  tie  mouth  of  the  smaller 
tube,  and  dips  into  the  metallic  solution  which  il  contains.  In  about  eight 
or  tew  hours  the  mercury  becomes  swollen  to  double  its  former  bulk,  and 
when  it  is  quickly  poured  into  distilled  water,  hydrogen  gas  is  evolved  and 
the  water  becomtn  II:. In-.  I  lie  ninmoniacal  amalgam  was  most  easily 
obtained;  it  had  a  buttery  consistence,  and  when  immersed  in  water,  slowly 
gave  off  hydrogen  gas,  and  yielded  solution  of  ammonia. 

Bird  found  that  the  spongy  atnmuniacal  amalgam,  though  it  cannot  be 
kept  immersed  in  water,  even  for  a  few  in « units,  without  the  formation  of 
ammonia,  could,  nevertheless,  be  preserved  for  weeks  without  change,  as 
long  as  it  was  connected  with  the  negative  electrode  of  the  Lattery. 

171th  the  same  apparatus.  Dr.  Dird  reduced  the  metals  from  solutions  of 
chloride  or  nitrate  of  irnn,  copjnr,  tin,  zinc,  t<iimnih,  antimmiy,  land,  and  tilwi . 
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IJinmuth,  lead,  and  silver  were  beautifully  cmUllllH  ;   (lie  tatter  of  ilazzling 
wliit.'iiess,  and  usually  in  the  form  of  needles.    11 
from  a  solution  of  chloride  of  silicon  in  alcohol. 

The  metals  haritrrn,  xtnmtimn,  and  calcium  were  obtained  by 
Bunsen  by  eleetrolyzing  their  respective  chlorides,  mixed  up 
patta  with  wider  and  a  little  hydrochloric  acid,  Bt  n  teuipei 
of  zu°  hah.,  the  negative  electrode  being  mi  amalgamated  plati- 
num  wire.  A  crystalline  amalgam  was  thug  obtained  from  which 
the  mercury  wad  distilled  oil'  in  a  stream  of  hydrogen.  Lithium 
was  reduced  from  the  fused  chloride  in  a  porcelain  crucible,  the 
positive  electrode  being  a  splinter  of  gas  coke,  and  the  negative  an 
iron  wire,  the  power  employed  being  from  four  to  six  cells  of  the 
nitric  acid  buttery.  Mu<iuf4um  may  be  obtained  from  the  fused 
chloride.  In  "  simitar  manner,  aluminum  may  be  obtained  from 
a  mixture  of  fused  chloride  of  aluminum  and  sodium,  Fur  the 
reduction  of  certain  metals,  Bunsen  places  the  liquid  to  be  decom- 
posed in  a  small  porous  cell  standing  in  a  carbon  crucible,  which 
constitutes  the  punitive  electrode,  the  negative  being  a  narrow 
strip  of  platinum  dipping  into  the  liquid,  The  whole  is  heated 
i  v.r  a  water-bath.  The  metals  chromium  and  inrriit/aiHw  m-.\ 
obtained  in  a  state  of  perfect  purity  by  electrolysing  in  the  above 
planner  Concentrated  solutions  of  their  chlorides. 

(12+)  Electro-metallurgy.— When  the  circuit  is  completed 
in  a  Cell  of  the  sulphate  of  copper  battery  of  Darnell,  the  electrical 
current  passes  freely  through  the  metallic  solution;  no  hydrogen 
makes  its  appearance  on  the  conducting  plate,  but  11  coating  of 
pure  copper  is  deposited  upon  it.  In  the  discovery  of  this  battery, 
then,  we  find  the  origin  of  the  now  extensive  art  of  electro- 
metallurgy ;  for  it  appears  that  in  his  earlier  experiments  it  was 
noticed  by  Mr.  Daniell  that  on  removing  a  piece  of  the  reduced  copper 
from  a  platinum  electrode,  scratches  on  the  latter  were  copied 
with  accuracy  on  the  copper ;  and  Mr.  Be  la  Hue  made  the  ob- 
servation (1'hil.  Mag.,  vol.  is.  p.  484),  that  'the  copper  plate  is 
covered  with  a  coating  of  metallic  copper  which  is  continually 
being  deposited,  and  so  perfect  i3  the  sheet  of  copper  thus  formed, 
that  on  being  stripped  off,  it  has  the  polish,  and  even  the  counter- 
part, of  every  scratch  of  the  plate  on  which  it  is  deposited.' 

The  first  practical  applications  of  this  fact  were  made  by  Jaeolii, 
of  St.  Petersburgh  (Feb.  1837),  and  by  Spencer  and  Jordan  (18 381, 
of  Liverpool. 

The  first  kind  of  apparatus  employed  by  Spencer  was  simply  a 
common  tumbler  to  hold   the   copper  solution,  and  a  gas  glass, 
having  one  end  closed  with  brown  paper  or  plaster  of  pail 
contain  the  saline  solution;  the  coin  to  be  copied,  and  a  piece  of 
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zinc  the  same  size,  were  attached  to  the  extrei 
copper  wire.  The  gas  glass  being  fixed  in  the  axis  of  the  tumbler, 
the  zinc  was  placed  in  it,  and  the  copper  wire  bent  in  such  n 
manner  aa  to  bring  the  coin  initneilmfely  under  it  in  the  ooppgc 
solution.  The  battery  process  was  subsequently  described  by  Mr. 
Spencer,  oud  the  method  of  giving  a  conducting  surface  to  non- 
metallic  substances,  by  rubbing  them  over  with  plumbago,  was 
suggested  by  Jacobi,  but  introduced  into  this  country  by  Mr. 
Murray, 

The  single-cell  apparatus  is  shown  in  Fig.  163. 

x  is  a  rod  of  amalgamated  zinc  ;  m  the  mould ;  w  the  wire  joining  them  ; 
c  the  copper  solution  \  p  a  tube  of  porous  earthenware,  containing  a  solution 
of  the  acid  and  -water.  To  put  it  iu  action,  the  copper  solution  (which  must 
be  kept  saturated  by  keeping  the  perforated  shelf  well  supplied  with  erys- 
tala  of  sulphate  of  copper)  is  poured  in,  the  porous  tube  is  then  filled  with 
acid  water  and  placed  as  in  the  figure,  and  then  the  mould,  is  plunged  into 


fig.  165. 


Fig.  16+. 
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the  copper  solution  and  attached  to  the  5tinc  rod.  The  mould  must  not  bo 
too  small  in  proportion  to  the  size  of  the  zinc,  and  the  concentrated  pirt  of 
the  solution  must  not  be  al Lowed  to  remain  at  the  bottom  or  tha  copy  will 
be  irregular  in  thickness. 

Another  inrm  of  the  single- cell  arrangement,  in  which  neither 
acid  or  mercury  is  used,  is  shown  in  Fig.  1 64. 

It  consists  of  a  wooden  box  well  varnished  in  the  interior,  and  divided  into 
two  unequal  cells  by  a  partition  of  porous  wood.  The  larger  cell  is  tilled  with 
a  saturated  solution  of  Sulphate  of  copper,  the  smaller  with  a  half-saturated 
solution  of  sal  ammoniac.  In  the  former  is  a  shelf  containing  a  supply  of 
crystals.    The  zinc  plates  are  pure.     The  action  is  not  equally  quick  with 
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that  mill  ting  from  the  addition  of  acid,  bnt  it  will  he  sure,  and,  as  Mr. 
Walker  observes,  failure  more  frequently  results  from  the  power  of  the  bat- 
tery being  too  strong  than  from  its  being  too  weak. 

The  battery  apparatus  is  shown  in  Figs.  165  and  166. 

A  (Fig.  165)  is  a  cell  of  the  sulphate  of  copper  battery;  b  is  the  decom- 
position cell  filled  with  an  acid  solution  of  sulphate  of  copper ;  c  a  sheet  of 


copper  connected  with  the  positive  pole  of  the  battery  to  keep  the.  solution 
supplied  with  copper  salt;  m  a  strip  of  metal  connected  with  the  negative 
pole,  from  which  the  moulds  intended  to  receive  the  copper  deposit  are  sus- 
pended by  metal  wires.    To  charge  the  arrangement,  the  solutions  are 

Fig.  166. 


poured  in,  the  wire  z  is  connected  with  the  copper  sheet,  and,  lastly,  the  wire 
x  with  the  moulds.  The  charging  liquid  is  a  mixture  of  one  part  sulphuric 
acid,  boo  parts  of  the  saturated  solution  of  sulphate  of  copper,  and  eight  parte 
of  water. 

When  the  circuit  is  completed,  the  copper  from  the  solution  is  transferred 
to  the  moulds,  and  the  copper  sheet  undergoes  oxidation  and  solution,  thus 
keeping  up  the  strength  of  the  liquid.  Rather  a  longer  time  is  required  by 
this  method  than  with  a  single  cell,  but  two  days  will  produce  a  medal  of 
very  good  substance,  firm  and  pliable.  The  time  required  depends,  however, 
much  on  the  temperature. 
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In  the  arrangement  shown  in  Fig.  166,  six  electrotypes  may  be  tnlseu  off  at 
■    •Hi.      a  is  the  battery;  u  ihe  trough  -r  z  the  wire  connecting  the 
copper  plate  c  with  the  copper  cell  of  thebattery ;  x  the  wire  connecting  the 
moulds  with  ilie  zinc  of  the  battery ;  a  a  a  a  a  five  bent  copper  wires, 
Bering  a  mould  nt  one  end  and  a  piece  of  copper  at  the  other. 

The  following  directions  fun  hurling  this  trough  are  given  by  Mr.  Walker 
(Ehctr/itiipt  Manipulation):  ' Connect  the  copper  plate  c  with  the  battery; 
place  a  wire  with  its  extreme  ends  dipping  in  the  extreme  ends  of  the 
trough \  then,  having  previously  connected  the  zinc  and  mould  with  the 
wire  x,  place  the  zinc  in  the  porous  coll  and  the  mould  in  the  place  at  hi  ;  in 
nhout  two  minutes  it  will  he  covered  with  copper.  After  this  there  is  no 
tear  of  chemical  action.  Then  remove  the  end  of  the  cupper  wire  from  tho 
cell  containing  m,  mid  pl*M  it  in  the  ne.vt  cell,  complete  the  circuit  with 
ill  in'iit  wire  a,  having  a  mould  atone  end  and  a  piece  of  copper  at  the  Other, 
After  wailing  two  minutes  fur  *  deposit  of  copper,  remove  the  end  of  the 
wire  one  cell  further  forward;  and  so  continue  till  the  six  moulds  are 
1  in.' 

Tho  advantage  in  point  of  economy  from  using  this  last  form  of 
decomposition  trough  is  apparent,  when  it  is  considered  that  for 
every  owicm  of  copper  released  from  the  solution  in  the  generating 
rell,  one  ounce  will  be  deposited  on  each  mould,  and  about  so 
ttmce  of  ziuc  will  be  consumed  in  effecting  this.  Whether,  there- 
fore, one,  six,  or  even  twenty  moulds  be  placed  in  series,  the  same 
quantity  of  zinc  will  he  required ;  and  hence  one  ounce  of  ?.inc  may 
be  made  to  furnish  electricity  enough  to  produce,  according  to  the 
will  of  the  experimenter,  one  or  six  or  more  medals  each  weighing 
one  ounce.  If  the  solution  be  concentrated,  the  more  slowly  the 
action  takesplace,  the  harder  mid  more  crystalline  the  deposit.  By 
modifying  the  power  of  the  battery  and  the  strength  of  the  solu- 
tion, the  deposited  copper  may  be  obtained  of  any  desired  degree 
of  toughness. 

Iu  Elkington's  large  depositing  work9  at  Birmingham,  the  old 
of  WoHaaton  battery  ie  principally  employed;  it  is  worked 
as  a  single  pair.  A  new  battery  will  work  well  for  four  days, 
uml  the  n<  id  ( one  sulphuric  acid  and  eight  water)  lasts  about  one 
month.  It  is  reckoned  that  2  lbs.  of  zinc  me  oonaiimed  for  every 
peloid  of  copper  deposited.  The  objects  on  which  the  copper  is 
deposited  should  have  the  same- surface  area  as  the  zinc  of  the 
hnttery.  No  crystals  of  sulphate  of  copper  are  suspended  in  the 
iting  troughs,  which  are  six  feet  deep,  and  hold  about  1,600 
gallons,  the  liquor  lasts  five  j'ears  without  changing  or  adding 
1 -it her  acid  or  sulphate  of  copper.  Particular  attention  is  paid  to 
the  temperature  both  of  the  battery  room  and  the  depositing  room; 
it  is  hept  as  nearly  Afl  possible  at  6o°  Fall. 

To  take  impressions  from  medals  or  other  workB  of  art  it  a 
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ii  required  to  copy,  Grose  tacommeada  [Pharm.  Jour.,  .Inly  il;r)f 
a  mixture  of  two  part*  ziUta  percha  and  one  part  of  marine  glue: 
iln'  materials  am  to  be  cut  up  and  the  glue  molted  at  a  gentle  heal 
and  incorporated  with  the  gutta  percha.  The  paste  is  to  be 
iipplied  whilst  soft,  with  a  pressure  gradually  Increasing,  to  the 
surlace  of  the  object  to  be  ooped.  Moulds  of  plaster  of  Paris 
must  be  immersed  in  melted  wax  or  tallow  to  render  them  iraper- 
vion-  ira,  and  afterwsrds  well  covered  with  the  host  black 

lead.  In  all  cases  the  backs  of  the  moulds,  if  the  material  is  a 
conductor  of  electricity,  must  be  coated  with  a  resinous  varnish  to 
prevent  a  metallic  deposit  from  taking  place  at  those  parts. 

I  tin  elegant  method  of  producing  a  conducting  surface  upon 
flowers,  leaves,  fruits,  and  other  delicate  articles,  was  invented  by 
Captain  Ibbetson.  It  consists  in  immersing  them  in  a  weak  solu- 
tiou  of  flAcvpfctfHil  either  in  ether  or  in  bisulphide  of  carbon, 
allowing  the  solvent  to  evaporate  from  the  surface,  and  then 
plunging  the  objects  into  a  solution  of  nitrate  of  silver;  in  this 
way  a  film  of  metallic  silver  is  deposited,  upon  which  the  deposit 
from  the  battery  may  be  received.  If  a  steel  plate  is  to  be  copied, 
it  r i 1 1 1  - 1  In-  electron  pod  in  silver  prerioufi  to  iatnxhuaBg  Li  into  the 
copper  solution.  In  the  process  of  elect '■rozincmg,  which  is  carried 
ou  very  extensively,  the  iron  plates,  rods,  or  chains  are  immersed 
in  a  solution  of  sulphate  of  zinc,  and  connected  with  the  nega- 
tive electrode  of  the  battery,  a  plate  of  zinc  forming  the  positive 
electrode :  the  power  required  is  very  small. 

1 1 15)  Electro-plating. — Silver  cannot  be  obtained  in  the  form 
of  coherent  plates  by  electrolyzing  a  solution  of  its  nitrate,  the 
metal  being  deposited  in  a  granular  or  crystalline  form  however 
slow  the  action.  The  same  is  the  case  with  gold  and  platinum 
when  the  chlorides  of  these  metals  are  electrolysed.  In  the  pro- 
cesses of  electro-silvering  and  electro-gilding,  the  double  cyanides 
of  silver  or  of  gold  with  potassium  or  calcium  are  employed,  the 
positive  electrodes  being  silver  and  gold. 

The  preparation  of  the  argento  and  auro-cyanide  solutions  in 
Elkington's  large  electro-metallurgical  establishment  is  as  full 
(Hapirr) : — 

Tlif  best  yellow  prupsiate  of  potash  is  well  dried  upon  an  iron  plate,  and 
then  reduced  10  a  fine  powder;  carbonate  of  potash  is  similarly  treated; 
eight  parts  of  the  former  are  well  mixed  with  three  of  the  latter.  They  ara 
then  placed  in  a  hot  iron  pot  on  the  fire,  and  when  melted  are  covered  an  1 
allowed  to  remain  for  about  half  an  hour;  the  contents  are  then  poured  upon 
an  iron  plate,  and  form  the  simple  ci/anide  of  potassium.  Nitrate  of  sih<  1  \t 
next  prepared  and  precipitated  in  the  form  of  cyanide  of  silver  by  the  cart-' 
ful  addition  of  cyanide  of  potassium  \  it  is  well  washed,  and  is  now  dissrdvnl 
in  excess  of  cyanide  of  potassium  to  form  argento- cyanidv.    A  solution  whkh 
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Dutains  one-fiftieth  of  its  weight  of  silver  is  found  to  be  a  convenient 
strength. 

The  articles  to  be  plated  are  first  boiled  in  potash,  then  scoured  with  fine 
sand,  afterwards  passed  through  nitric  acid,  and  then  washed  in  boiling 
water.  After  a  few  seconds  of  electric  action,  they  are  brushed  with  a  scratch- 
brush  to  perfect  the  cleaning,  and  are  then  placed  in  the  solution  to  com- 
plete the  plating,  which  process  is  accomplished  in  fire  or  six  hours.  After 
this  they  are  burnished. 

Four  cells  of  Wolla&ton's  battery,  the  zinc  plates  being  32  inches  long  and 
16  inches  wide,  deposit  24  oz.  of  silver  per  hour.  If  a  few  grains  of  bisul- 
phide of  carbon  dissolved  in  ether  are  added  to  the  silver  bath  the  metal  is 
deposited  bright,  without  the  bisulphide  it  is  thrown  down  dead,  but  a  care- 
ful management  of  the  battery  is  required ;  if  the  power  be  too  great  the 
effect  is  not  produced,  and  the  deposited  metal  is  apt  to  blister. 

The  magneto-electrical  machine  is  largely  employed  at  Messrs.  Elking- 
tOO*l  works  instead  of  the  voltaic  battery  for  electro-plating.  From  the 
apparatus  at  present  employed,  17  oz.  of  silver  are  deposited  per  hour. 

The  auro-  cyanide  is  not  so  easily  prepared  as  the  argento-eganide.  The 
plan  formerly  adopted  was  to  dissolve  oside  of  gold  in  cyanide  of  potassium. 
The  solution  is  now  generally  prepared  by  electrolysis.  A  porous  tube  con- 
taining cyanide  of  potassium  in  solution  is  placed  within  a  vessel  of  a  similar 
solution,  within  the  tube  is  a  gold  positive  electrode,  within  the  vessel  the 
negative  electrode  is  placed.  The  liquid  is  electrolyzed,  and  the  gold  being 
dissolved  forms  the  gilding  solution,  which  is  removed  from  the  purous  tube 
for  use  when  sufficiently  saturated  ;  the  liquid  in  the  outer  vessel  becomes  a 
solution  of  potash.  Electro-gilding  is  conducted  with  a  solution,  at  the, 
temperature  of  21  a0  Fab. 

(116)  Mctallo-eiiromes, — When  acetate  of  lead  is  electro- 
lyzed under  peculiar  circumstances,  it  gives  rise  to  secondary 
results  of  u  very  beautiful  character  :  peroxide  of  lead  is  deposited 
at  the  positive  electrode,  and  by  carefully  regulating  the  thickness 
of  this  compound  a  series  of  most  magnificent  colours  may  be  pro- 
duced on  a  plate  of  highly  polished  steel.  The  process  recom- 
mended by  Mr.  Gassiot  to  form  these  nutalto-ehromei  is  this; — 

Big.  167. 


Place  the  'polished  steel  plate  in  a  glass  basin  containing  a  clear  solution 
of  acetate  of  lead,  and  over  it  a  piece  of  card  with  some  regular  device  cut 

nut,  as  shown  in  Fig.  167.     A  small  rim  of  wood  should  be  placed  c*«x  V&& 
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card,  and  on  that  a  circular  copper  disc.  On  contact  1>eing  made  from  5' 
[«j  10',  with  two  or  three  cells  of  a  small  constant  battery,  the  steel  plate 
being  connected,  with  the  positive  electrode,  and  tlie  copper  disc  with  the. 
negalive,  the  deposit  will  be  effected,  and  u  series  of  exquisite  colours  will 
appear  on  the  steel  plate.  These  colours  ire  films  of  peroxide  of  had  thrown 
down  on  the  surface  of  the  steel,  and  the  varied  tints  are  occasioned  by  the 
Vftryifig  thicknesses  of  the  precipitated  film,  the  light  being  reflected  through 
them  from  the  polished  metallic  uarrexe  below.  By  reflected  light  every 
prismatic  colour  is  seen  ;  aud  by  transmitted  light  a  series  of  prismatic 
colours  complementary  to  the  lirai  series  appears,  occupying  the  place  of  the 
former  series. 

The  colours  ore  seen  in  the  greatest  perfection  by  placing  the  plate  before 
a  window,  ami  inclining  a  white  sheet  of  paper  at  an  angle  of  45°  over  it, 

(137)  Electrolysis  of  Salts. — From  an  elaborate  series  of  ex- 
periments by  the  late  Professor  DanieU  on  the  sulphates  of  potash, 

soda  run]  suiniirmia,  nitrate  of  potash,  ,v.c,  it  appears — 

1  That  in  the  electrolysis  of  a  solution  of  0  neutral  salt  in  water,  a  current 
which  is  just  sufficient  lo  separate  single  equivalent!  of  oxygen  and  hydrogen 
from  a  mixture  of  sulphuric  acid  aud  water,  will  separate  single  equivalent* 
of  oxygen  and  hydrogen  from  the  saline  solution,  while  single  equivalents 
of  acid  and  alkali  will  make  their  appearance  at  the  same  time  at  the  r- 
tive  electrodes." 

And  further  experiments  showed,  that  when  dilute  sulphuric  acid 
was  used,  there  was  a  transfer  of  acid  towards  the  zhi'-mh:  (anode  I, 
the  quantity  scarcely  ever  exceeding-  the  proportion  of  one-fourth 
of  im  equivalent  as  compared  with  the  hydrogen  evolved.  Mr. 
IJatiiell  thought  this  might  possibly  be  owing  to  the  acid  being 
mechanically  carried  back  to  the  plnti/wrfe  (cathode),  as  in  all 
there  is  A  mechanical  eonvection  of  the  liquid  from  tin- 
positive  to  the  negative 'pole  (128),  and  this  is  greater  in  pro- 
portion to  the  inferiority  of  its  conducting  power.  If,  how. 
this  deficiency  of  acid  were  owing  to  the  mechanical  rt-trorufer, 
mechanical  means,  such  as  increasing  the  number  of  diaphragms, 
would  stop  it ;  the  proportion,  however,  was,  even  under  these 
circumstances,  still  maintained.  No  difference  was  observed, 
whether  the  oxygen  was  allowed  to  escape  from  a  platinum  arm di  t, 
or  whether  it  was  absorbed  by  copper  or  zinc,  the  metals,  of  course, 
being  dissolved  in  proportions  equivalent  to  the  hydrogen  developed 
at  the  cathode ;  solutions  of  potash,  baryta,  and  strontia,  similarly 
treated,  exhibited  a  transfer  of  about  one-fourth  of  an  eqtuvalent 
towards  the  cathode.  When  fused  chloride  of  lead  was  included 
in  the  circuit  in  the  place  of  the  voltameter,  the  cathode  being  a 
platinum  wire  and  the  anode  a  piece  of  plumbago,  results  were 
obtained  which  showed  that — ■ 

•  The  same  current  which  is  juat  sufficient  to  resolve  an  equivalent,  of  chloride 
nf  lead  (which  is  k  simple,  electro  yte  unaffected  by  any  associated  coruposi- 
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tion)  into  its  equivalent  tun*  produces  the  apparent  phenomenon  of  a  resolu- 
tion of  water  into  il$  elements,  and  at  (lie  sarin.'  time  of  an  equivalent  of 
sulphate  of  soda  into  its  proximate  principles.' 

Electrolysis  of  Chlorides. — A  weighed  plate  of  pure  tin  was 
made  the  anode  in  a  double  cell  of  peculiar  construction,  which 
was  charged  with  a  strong  solution  of  chloride  of  Bodiuin,  and  u 
tube  of  fused  chloride  of  lead  was  included  in  the  circuit.  Not  a 
bubblfl  of  gas  appeared  on  the  tin  electrode^  and  no  amell  of  chlor- 
ine was  perceptible :  but  hydrogen  in  equivalent  proportion  to 
tbe  quantity  of  tin  dissolved  was  given  off  at  the  cathode,  and  the 
cell  contained  an  equivali-ni  proportion  of  Iwwlii ;  micequivulent 
of  lead  was  reduced  in  the  voltameter  tube.  Chlofide  of  ammo- 
nium  treated  in  the  same  way  gave  precisely  similar  results,  prov- 
ing it  to  be  an  electrolyte  whose  simple  anion  was  chlorine,  and 
whose  compound  cat  hi  on  was  nitrogen  with  four  equivalents  of 
L'en,  (NFT^,  ammonium), 

HfoetrohftU  of  Sltlphati  of  Copper. — The  following  experiment 
was  made  by  Professor  Darnell  :■ — 

A  small  bell  glass,  with  an  aperture  at  the  top,  hud  its  mouth  closed  bj 
tying  a  piece  ol  membrane  over  it.  It  was  half  filled  ■with  a  dilute  solution 
of  caustic  potash,  and  suspended  in  a  glass  v.---,]  containing  a  strong  solu- 
tion of  neutral  sulphate  of  copper,  below  the  surface  of  which  it  just  dipped.  A 
platinum  electrode  connected  with  the  last  Bine  rod  of  a  large  constant  batterv 
(Fig.  137,  p.  175)  of  twenty  cell*  was  plated  in  the  solution  of  potash;  and 
another  connected  with  the  copper  of  the  tirst  cell  was  placed  in  the  sulphate 
of  copper  immediately  under  the  diaphragm  which  separated  the  two  solu- 
tions. The  circuit  conducted  very  readily,  and  the  action  was  very  energetic 
llvdrogen  was  given  off  at  the  cathode,  and  oxygen  at  ttu>  anode,  in  the 
sulpb&teof  copper;  a  small  quantity  of  gas  was  also  seen  to  rise  from  the 
surface  of  the  diaphragm.  In  about  ten  minutes  the  lower  surface  of  the 
membrane  was  found  beautifully  coated  with  metallic  copper,  interspersed 
With  black  oxide  of  copper  and  light  blue  hydrated  oxide. 

The  explanation  of  these  phenomena  is  this : — • 

In  the  experimental  cell  we  have  two  electrolytes,  separated  by  a  mem- 
brane, through  both  of  which  the  current  must  pass  to  complete  the  circuit. 
The  sulphate  of  copper  (CuS04)  is  resolved  intu  its  compound  anion  (SOj). 
an.l  its  simple  cathion  (Cu) ;  the  latter  in  its  passage  to  the  cathode  UstOpnetJ 
at  the  surface  of  the  second  electrolyte,  which  may  be  regarded  as  water 
improved  in  conducting  power  by  potash.  The  metal  here  tlnda  nothing  by 
combining  with  which  it  can  complete  its  course,  but,  being  forced  to  stop, 
i]  it-  charge  to  the  hydrogen  of  the  second  electrolyte,  which  passes 
on  to  the  cathode,  and  is  evolved.  The  corresponding  oxygen  stops  also  at 
the  diaphragm,  giving  up  its  churgc  to  the  anion  of  the  sulphate  of  copper. 
The  copper  and  oxygen,  thus  fleeting  at  the  intermediate  point,  partly  enter 
into  combination,  nud  form  the  black  oxide  •,  but  from  the  nipidity  of  the 
action,  there  is  not  time  for  the  whole  to  combine,  and  a  portion  of  the 

•mer  remains  in  the  metallic  state,  and  a  portion  of  the  gaseous  oxvgen 
«2 
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m| ion  of  blue  hydrated  oxide  doubtless  arose  from 
i  im\luj,'  of  ri  small  portion  of  the  two  roluLioiis. 

Xittittf  ofeilvar,  n&rotd  of  bad,  prciondphaU  of  iron,  sulphate  of 

Hum,  ami  pitttunitrate  of  mvrcnry  "were  similarly  tn-atitl,  and 

nalogous  results,  somewhat  modified  by  the  nature  of 

tin'  metallic  base. 

i:f>,ti'i/i/.ns  of  Bumlts. — A  strong  solution  of  pure  crystallized 
bisiilphuto  of  potash  wm  made,  and  its  neutralizing  power  carefully 
iiM -i-rt uiiM'il  by  the  alkalimeter.  Evaporation  and  ignition  with 
•  •in  lioiiute  of  ammonia  gave  the  quantity  of  neutral  sudphuti  yielded 
by  a  certain  measure  of  the  solution.  An  equal  measure  was 
i1u-ji  placed  infjaeh  arm  of  the  double  diaphragm  cell  (Fig.  168), 

Pig,  ifie. 


on  apparatus  which  Daniell  found  very  useful  in  his  experiment 
on  the  electrolysis  of  secondary  compounds. 

A  and  b  arc  two  halves  of  a  stout  glass  cylinder,  accurately  ground  so  as 
to  fit  into  two  half  cylinders,  •which,  when  adjusted,  cover  it  entirely.  Tli, 
two  rinis  of  the  ring  are  each  cut  down  to  a  shoulder,  to  admit  of  a  thin  piece 
of  bladder  being  tied  over  them  to  form  a  kind  of  drum.  At  it  is  a  small 
hole  to  admit  of  the  cavity  being  filled  with  a  liquid,  d  and  e  are  two 
stout  bent  tubes  fitted  to  the  two  half  cylinders,  for  collecting  the  gases 
evolved  in  the  experiments-,  g  and  A  are  two  circular  platinum  electrodes, 
connected  with  the  battery  by  the  wires  i  and  f.  The  apparatus  when 
adjusted,  form*  three  compartments,  each  of  which  may  be  filled  with  the 
same  or  a  different  liquid,  and  the  whole  supported  on  a  wooden  frame. 

The  voltaic  current  was  passed  through  till  708  cubic  inches  (or 
the  quantity  yielded  by  9  grains  of  water)  of  mixed  gases  were 
collected ;  half  the  solutions  from  the  anode  and  cathode  were 
then  separately  neutralized,  and  half  evaporated  and  ignited  in  the 
vapour  of  carbonate  of  ammonia.  It  *as  then  found  that  the 
anode  had  gained  18  grains,  and  the  cathode  had  lost  19  grains  of 
acid-:  of  potash,  the  anode  had  lost  9*9  grains,  and  the  cathode  hu 
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gained  an  equal  quantity.  Thus,  though  the  solution  con- 
ducted very  well,  not  mora  thiin  one-fifth  of  an  equivalent  of 
potash  was  transferred  to  the  cathode,  aa  compared  with  fiha 
hydrogen  evolved ;  while  half  an  equivalent  of  acid  was  transferred 
to  the  anode,  a  whole  equivalent  of  oxygen  was  evldved.  On  this 
experiment  Mr.  Daniel  1  remarks: — 

'  I  think  we  cannot  hesitate  to  admit  that  in  this  case  the  current  divided 
itself  between  two  electrolyte* :  that  a  part  was  conducted  by  neutral  sulphate 
of  potash,  and  a  larger  part  by  the  sulphuric  acid  and  water.  It  is  a  well 
known  fact  that  the  voltaic  current  will  divide  itself  between  two  or  nmru 
metallic  conductor*  in  inverse  proportion  to  the  resistance  which  each  may 
offer  to  its  course  ;  and  that  it  does  not  in  such  cases  choose  alone  the  part  of 
least  resistance.  Analogy  would  lead  one  to  expect  a  similar  division  of  a 
current  between  two  electrolytes;  but  I  am  not  aware  whether  such  a  divi- 
sion baa  ever  before  been  pointed  out.' 

These  considerations  enable  ub  to  explain  the  apparent  anomalies 
in  the  electrolysis  of  dilute  sulphuric  acid  and  alkaline  solutions. 
The  results  are  explained  by  supposing  that  the  solution  is  a 
mixture  of  two  electrolytes.  With  sulphuric  acid  the  component 
www  are  H  and  S04  (itulphiotiide  of  hyih-ngen);  with  water  they 
are  H  and  O.  The  current  so  divides  itself  that  three  equivalents 
of  water  are  decomposed,  and  one  equivalent  of  sulphiouide  of 
hydrogen.  Analogous  changes  occur  with  the  alkaline  solutions, 
the  alkaline  metal  passing  ns  usual  to  the  cathode. 

In  the  electrolytic  decomposition  of  saline  solutions,  the  oxygen 
and  hydrogen  gases  evolved  are  secondary  products.  In  Faraday's 
experiment  with  sulphate  of  magnesia  (n6),  for  example,  the 
electrolyte  was  sulphiouide  of  magnesium  (MgS04),  the  pimple 
cftihioii  maffnerium  (Mg)  being  liberated  at  the  eatlwde,  and  the 
cm  impound  anion  stdphion  (S04)  at  the  anode;  but  sulphion  does 
not  exist  in  a  separate  form ;  it  therefore  takes  hydrogen  from 
water,  and  forms  sulphiouide of  'hydrogen,  oxygen  gas  being-  ftTOlved 
rut  the  anode.  The  magnesium,  in  like  maimer,  decomposes  water, 
taking  oxygen,  with  which  it  forms  magnesia,  which  is  precipitated, 
and  hydrogen  gaa  escapes  at  the  cathode. 

When  monotone  salts  are  electrolyzed,  the  acid  and  base  are 
liberated  in  single  equivalents  ;  but.  when  pnlyhasic  salts  are  sub- 
mitted to  annlysis,  for  each  atom  of  fused  chloride  of  lead  which 
is  electrolyzed  in  the  voltameter,  two  atoms  of  base  appear  at  the 
fiulio.lf  ;  but  when  basic  salts  are  decomposed,  two  atoms  of  mono- 
basic acid  are  liberated  at  the  anode  for  every  atom  of  chloride  of 
lead  reduced  in  the  voltameter,  whilst  all  the  atoms  of  base  which 
were  previously  in  combination  with  the  acid  are  liberated  at  the 
eatbode. 

When   tri  basic  acetate  of  lead  was  electrolyzed,  the  eW-tr 0 -I •■- 
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being  plates  of  lend,  HiUeY  (Skmmtt  of  I  ,  voL  i.  p.  +86) 

nlitiiimnl  two  atoms  of  "oxide  of  lead,  and  somewhat  less  than  one 
■torn  1  if  metallic  lead  at  the  cathode,  for  every  two  atoms  of  m 
acrid  which  appeared  at  the  anode,  and  the  explanation  be  gives  is 
thia : — 

'The  oxide  of  lead  is  attached  to  the  normal  acetate  in  a  manner  analogous 
to  water  of  crystallization,  and  the  normal  acetate  is  the  true  electrolyte, 
■a  1 1  i  1  - 1  the  oxide  U  left  upon  the  electrode  in  an  insoluble  form  as  soou  as 
the  acid  which  kept  it  in  solutionis  removed.' 

(128)  Electrical  Indounoie. —  Motion  of  FJiilih  frmri  the 
Pn.-itirr  to  the  Neffatioe  Electrode. — Thia  phenomenal],  which 
lir.-t  observed  by  Porrett,  has  been  confirmed  by  Miller,  Wiede- 
mann, Quincke,  and  CfoSftO.  The  apparatus  employed  by  \\  i 
umnn  {Silliman's  Journal,  Nov.  1852)  conflated  of  a  porous  eartlieii- 
ware  cell,  closed  at  the  bottom,  and  terminated  above  by  a  glass 
bell,  firmly  cemented  to  the  upper  edge  of  the  cylinder.  Into  the 
tubulure  of  the  bell  a  vertical  glass  tube  was  fitted,  from  which  a 
horizontal  tube  proceeded  so  as  to  permit  the  fluid  raised  to  flow 
over  into  an  appropriately  placed  vessel :  a  wire,  serving  as  the 
negative  electrode  of  the  battery,  passed  down  through  the  glass 
bell  into  the  interior  of  the  porous  cylinder,  where  it  terminated  in 
a  plato  of  platinum.  Outside  the  porous  cylinder  another  plate  of 
platinum  was  placed,  and  connected  with  the  positive  electrode. 
The  whole  stood  in  a  large  glass  vessel,  which,  as  well  as  the 
interior  porous  cylinder,  was  filled  with  water.  The  inten&i  1 
the  current  was  measured  by  the  galvanometer.  As  soon  as  the 
circuit  was  closed,  the  liquid  rose  in  the  porous  cylinder,  and  flowed 
out  from  the  horizontal  tube  into  a  weighed  vessel.  Wiedemann's 
results,  which  have  been  confirmed  by  Quincke,  were*: — 

1.  The  quantity  of  fluid  which  flows  out  in  equal  times  is  directly  propor- 
tional to  the  strength  of  the  current. 

4.  Under  otherwise  equal  conditions  the  quantities  of  fluid  flowing  out  are 
independent  of  the  magnitude  of  the  conducting  porous  surface. 

3.  The  height  to  which  a  galvanic  current  causes  a  fluid  10  rise  Is  directly 
proportional  to  the  extent  of  the  porous  surface. 

4.  The  force  with  which  an  electric  tension  present  upon  both  sides  of  a 
section  of  any  given  fluid  urges  the  fluid  from  the  positive  to  the  negative 
lids  is  equivalent  to  a  hydrostatic  pressure  which  is  directly  proportional  to 
that  tension. 

Tbe  greater  the  resistance  which  the  liquid  offers  to  electrolysis 
the  greater  ia  the  amount  which  is  thus  mechanically  carried  over; 
thus  C'rnase  found  that,  when  the  pipe-clay  which  he  employed  in 
btf  1  xpeiimeata  was  uaxed  with  dilute  sulphuric  acid  instead  of 
distilled  water,  no  water  was  raised  upwards  towards  the  negui'n  e 
electrode. 
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CHAPTER  IV. 


THERMAL    AM)    LUMINOUS    EFFECTS    OF    THE   VOLTAIC    PILE. 

Heat  and  Light  of  the  Voltaic  Disruptive  Discharge — Electric  Lamps— 
The  Voltaic  Arc— The  Intensity  of  its  Light  and  Heat—  Luminous  Dis- 
charge of  Voltaic  Batteries  in  Carbonic  Acid  Vacua— Investigations  of 
Gassiot. 

(129)  Thermal  Effects.  —  "When  a  voltaic  current  passes 
along  a  metallic  conductor,  heat  ig  developed;  and  if  the  current 
is  greater  than  the  metal  is  able  to  convey,  it  is  fused  and  even 
dissipated  in  vapour.  The  heating  power  of  an  extensive  voltaic 
battery  is  enormous,  the  most  refractory  substances  Mircumb  to  it; 
platinum,  iridium,  ami  titanium,  which  withstand  the  heat  of  the 
most  powerful  furnace,  are  readily  fused. 

The  colour  of  the  light  which  attends  the  voltaic  disruptive 
discharge  varies  with  the  substances  between  which  the  discharge 
passes.  If  thin  metallic  leaves  be  employed,  they  are  deflagrated 
with  considerable  brilliancy.  The  beautiful  effects  are  not,  how- 
ever, caused  by  the  combustion  of  the  metals,  though  in  many 
cases  increased  by  this  cause,  but  arise  from  a  dispersion  of  their 
particles  analogous  to  that  of  the  more  momentary  explosion  of 
th«  Levden  battery.  Gold  emits  a  white  light  tinged  with  blue  ; 
•tTtW  a  beautiful  emerald  greeu  light ;  copper  a 
bluish  white  light,  with  red  sparks;  lead  a  purple; 
zinc  a  brilliant  white  light,  tinged  with  red.  The 
experiments  may  be  performed  by  fixing  a  plate 
of  polished  tinned  iron  to  one  wire  of  the  battery, 
and  taking  up  a  leaf  of  the  metal  on  the  point  of 
(lie  other  wire,  and  bringing  it  in  contact  with 
the  tin  plnte.  Even  under  distilled  water,  the 
disruptive  discharge  of  the  voltaic  battery  tabes 
place  in  a  stream  of  brilliant  light. 

To  show  the  power  of  the  voltaic  current  to 
heat  metallic  wire,  about  eighteen  incbi  -  I  the 
wire  may  be  rolled  into  a  spiral  and  placed  in  the 
interior  of  a  glass  tube  (Fig.  169),  its  ends  being 
attached  to  screws  so  as  to  be  readily  connects d 
with  the  terminal  wires  of  the  battery ;  by  this 
nieaus  a  high  temperature  may  be  communicated 
tn  the  glass  tube,  though  the  wire  may  not  ,be 
ignited,  and  by  immersing  it  in  a  small  quantity  of  water,  that 


Fig.  169. 
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fluid  may  be  speedily  raised  to  the  boiling  point.  When  a  wire 
is  heated  by  the  voltaic  current,  the  temperature  frequently  rises 
first  or  most  at  one  end ;  but  it  was  shown  by  Faraday  that  this 
depends  on  adventitious  circumstances,  and  is  not  due  to  any  rela- 
tion of  positive  or  negative  as  respects  the  current. 

The  thermal  effect  of  a  voltaic  current  on  a  metallic  wire 
depends  on  its  conductibility ;  thus  the  current  which  will  fuse 
a  wire  of  iron  or  platinum  may  not  even  render  incandescent  a 
wire  of  the  same  length  of  copper  or  silver.  This  is  illustrated 
by  disposing  a  chain  formed  of  alternate  links  of  silver  and  plati- 
num between  the  poles  of  a  battery  (Fig.  170)  ;  the  platinum  links 

Fig.  170. 


will  become  red  hot  during  the  passage  of  the  current,  while  the 
alternate  silver  links  will  remain  dark.  The  discharge  which 
passes  freely  along  the  silver  meets  with  sufficient  resistance  in  the 
platinum  to  produce  ignition.  The  conducting  power  of  a  metal 
is  considerably  diminished  by  heating  it ;  thus  a  wire  that  is  heated 
to  redness  through  its  entire  length  by  a  voltaic  current  may  be 
fused  by  dipping  a  portion  of  it  in  cold  water,  the  effect  of  cooling 
being  to  increase  the  conducting  power  of  the  wire,  which  is  in 
fact  equivalent  to  shortening  the  length  through  which  the  current 
passes.  The  size  of  the  wire  heated  by  a' battery  depends  on  the 
extent  of  the  surface  of  the  electromotive  elements,  the  length  on 
the  number  of  the  series,  the  quantity  of  electricity  remaining  the 
same.  Faraday  found  that  the  same  quantity  of  water  was  de- 
composed by  a  battery  whether  half  an  inch  or  eight  inches  of  red 
hot  wire  were  included  in  the  circuit,  and  he  observes  that  a 
fine  wire  may  even  be  used  as  a  rough  but  ready  regulator  of  a 
voltaic  current ;  for,  if  it  be  made  part  of  the  circuit,  and  the 
larger  wires  communicating  with  it  be  shifted  nearer  to,  or  further 
apart,  so  as  to  keep  the  portion  of  the  wire  in  the  circuit  sensibly 
at  the  same  temperature,  the  current  passing  through  it  will  be 
nearly  uniform. 

s  There  is  a  striking  difference  between  the  heat  generated  in  a 
platinum  wire  by  a  voltaic  current  according  as  the  wire  is  im- 
mersed in  atmospheric  air  or  in  other  gases.     Mr.  Grove  caused 


! 


IB  same  current  to  pn&s  through  two  platinum  wires  of  the 
length,  one  being1  enclosed  in  a  tube  rilled  with  oxygen,  and  the 
other  in  a  similar  tube  filled,  with  hydrogen,  and  each  immersed 
in  a  separate  vessel  containing  three  ounces  of  water ;  the  irm  in 
the  oxygen  tube  became  white  hot,  and  in  five  minutes  the  tem- 
perature of  the  water  rose  from  6o°  to  8i°;  the  wire  in  the  hydro- 
gen tube  waa  not  visibly  ignited,  and  in  five  minutes  the  tempera- 
ture of  the  water  rose  from  6o°  to  700  only.  Similar  experiments 
"were  made  with  other  gases,  but  none  came  near  to  hydrogen  in 
its  cooling  effect  on  the  wire.  The  amount  of  gas  obtained  in  a 
vultameter  included  in  the  circuit  was  in  some  inverse  ratio  to  the 
heat  developed  in  the  wire ;  thus,  when  the  wire  was  surrounded 
with  hydrogen,  77  cubic  inches  of  gases  were  collected,  but  when 
it  was  surrounded  with  oxygen,  6-5  cubic  inches  only,  and  when 
surrounded  with  nitrogen,  6*4.  cubic  inches.  This  remarkable  pro- 
perty of  hydrogen  arises  from  its  fluency,  in  consequence  of  which 
it  exerts  a  cooling  effect  on  the  wire,  thereby  increasing  its  eon- 
ducting  power,  and  so  causing  it  to  evolve  less  heat  during  the 
transmission  of  the  current  than  a  similar  wire  surrounded  by  a 
gas  such  as  oxygen,  which  has  not  the  same  degree  of  fluency. 

While  opt  rating"  with  u  powerful  battery  of  160  cells,  Mr. 
Gassiot  made  the  observation  that  the  wire  connected  with  the 
positive  pole  becomes  much  hotter  than  that  connected  with  the 
negative.  When  the  two  wire*  were  crossed,  and  theix  ends 
placed  in  two  similar  jars  containing  distilled  water, -in  about  two 
minutes  the  water  in  the  positive  cell  boiled,  that  in  the  other 
presenting  no  such  appearance.  With  this  battery  large  bars  of 
platinum  were  readily  fused,  and  rhodium,  iridium,  and  titanium 
melted  in  considerable  quantities. 

(  1  jo)  Luminous  Effects. — When  two  pencils  of  well-burnt 
box-wood  charcoal,  or,  still  better,  that  dense  plumbago-like  sub- 
stance found  lining  the  interior  of  long-used  coal  retorts,  are 
attached  to  the  terminal  wires  of  a  powerful  voltaic  fcatl 
brought  into  contact,  and  then  separated,  a  spark  or  flame  of 
surpassing  brilliancy  is  produced  of  an  arched  form,  arising 
from  the  ascensional  force  of  the  heated  air.  This  arc  cannot 
obtained  between  the  charcoal  pointa  until  after  they  have 
been  brought  into  contact,  and  are  heated  round  the  points  of 
contact.  Mr.  G-asaiol  failed  in  obtaining  the  slightest  spark 
before  contact  with  a  battery  of  520  cells.  A  single  fold  of  a 
silk  handkerchief,  or  even  a  piece  of  dry  tissue  paper,  was  sufficient 

insulate  the  power  of  the  battery,  though,  after  the  circuit  bad 
ice  been  completed,  it  fused  titanium,  and  heated  to  redness 
sixteen  feet  four  inches  of  No,  20  platinum  wire. 
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The  dazzling  light  of  the  voltaic  an:  arises  from  the  bUttfef  of 
-•■]\  heated  particle*  of  carbon  from  the  positaTe  to  the  di 
tive  electrode,  end  it  is  especially  sensible  i'm  vacuo.     A  CM  ity  is 

obsuOud  to  be  formed  in  the  point  of  the  punitive  charcoal,  pre- 
senting the  appearance  of  a  hollow  cone,  into  which  the  solid  cone 
on  the  negative  terminal  might  penetrate  almost  exactly.  This 
is  especially  observed  when  the  disruptive  discharge  takes  place 
sOMOj  no  Oxygen  being  then  present  to  burn  portions  of  the 
carbon  during  the  transfer. 

It  is  this  more  rapid  consumption  of  the  positive  tluin  the  nega- 
tive carbon  which  has  hitherto  been  one  of  the  chief  difficulties  in 
the  application  of  the  electric  light  to  practical  illuminations. 
N'uuienms  .self-acting  regulators  for  the  maintenance  of  a  constant 
current  through  the  carbon  electrodes  have  been  invented.  That 
nt  L  J,  DabosCQj  which  wis  exhibited  nt  the  International  Exhi- 
bition of  i86z,  is  found  to  answer  excellently  for  experiments,  or 
ie  lecture-room ;  but  it  is  not  suited  to  lighthouses,  ox  for 
public  lamps,  because.j  if  extinguished  by  any  accident,  it  is  not 
»pontaneou?ly  relighted. 

The  two  carbon  electrodes  are  fixed  one  over  the  other  oh  frames  connected 
by  nicks  and  gearing,  so  that,  when  ilia  upper  electrode  daw  Buds,  tl>-  lower 
OH  rise*.  The  wheel  work  is  bo  arranged  that  the  relative  motion  of  these 
two  electrodes  shall  be  such  as  to  compensate  for  the  unequal  consumption 
of  the  |'i'-ir  1 1  '•  ;uri  Mgative  rarbon  electrodes. 

The  light  is  maintained  in  a  constant  position  by  this  arrangement,  which 
would  not  be  the  case  if  only  one  electrode  were  moveable  and  the  other 
fixed,  or  if  the  Lm  moved  through  equal  distance*;  a  barrel  spring  is  em- 
ployed to  drive  the  clockwork  which  moves  the  electrodes.  The  elookwork 
is  stopped  by  a  detent,  which  gears  with  an  escapement  wheel.  The  detent 
is  connected  with  the  armature  of  an  electromagnet,  and  allows  one  or 
more  teeth  of  the  escapement  wheel  to  puss  whenever  the  current  is  below 
a  certain  strength.  Thus  step  by  step  the  carbon  points  are  allowed  to 
approach. 

In  order  to  light  this  lamp,  one  of  the  carbon  electrodes  must  be  brought 
in  contact,  with  the  other  by  hand,  and  then  removed  to  a  certain  distance; 
this  can  be  done  without  interfering  with  the  train  of  wheels.  The  distance 
Irom  each  other  at  which  the  elpclrodes  remain,  or  rather  the  strength  of 
i-nrrent  at  which  the  escapement  wheel  is  freed,  can  be  regulated  by  altering 
the  distance  between  the  electro-magnet  and  its  armature,  and  thus  altering 
the  attraction  between  them  for  a  given  current, 

(i  j  i )  Electric  lampi.  Dtiboscq's  Lamp.  —  A  modification  of 
this  lamp  is  represented  in  Fig.  171,  arranged  to  throw  the  image 
of  the  carbon  terminals  during  ignition,  by  means  of  a  lens,  on  a 
screen.  It  shows  in  a  beautiful  manner  the  grodunl  wearing  away 
of  the  positive  and  the  increase  of  the  negative  electrode.  The 
small  globules  or  specks  observed  on  the  charcoal  arise  from  the 
fusion  of  the  minute   quantities  of  silica  contained  in  the  coal, 


Holme/a  Lamp. — The  construction  of  this  lamp,  which  the  in- 
ventor uses  in  connection  with  his  magneto-electric  inachii 
vi-iv  simple,  but  it  produces  a  very  regular  and  constant  light,  en- 
tirely free  i'rom  flashes.     It  is  thus  described  in  the  Jurors'  Report 
of  Electrical  Imtittmentg  (International  Exhibition,  1862): — 

'  Two  cords  are  wound  in  opposite  clini  lions  round  two  portions  of  one  shaft 
of  unequal  diameters.  The  cord  from  the  larger  portion  of  thejtxig  is  led 
ilown  nnder  a  pulley  on  the  frame,  which  carries  the  upper  electrode,  and 
then  up  to  a  lever,  the  functions  of  which  will  be.  described  presently.  The. 
bight  of  the  cord  under  the  pulley  supports  the  upper  electrode  with  its 
frame.  Similarly  the  cord  from  the  smaller  part  of  the  axis  is  led  down 
under  a  pulley  on  the  frame  carrying  the  lower  electrode,  and  then  up  to  a 
pin  which  can  bo  turned  round  by  hand,  so  as  slightly  to  lengthen  or  shorten 
the  cord.  The  bight  of  the  second  cord  supports  the  lower  frame  and 
electrode.  The  upper  Frame  would,  if  unchecked,  fnll  down,  unrolling  its 
cord  from  the  larger  portion  of  the  shaft,  and  consequently  raising  the  lower 
frame  and  electrode.  The  rite  of  one  and  the  fall  of  the  other  take  place  in 
the  proportion  of  the  diameter  of  the  two  parts  of  the  asia.  This  movement 
is  checked  by  a  detent  gearing  into  a  star  escapement  wheel.  The  armature 
of  an  electromagnet  frees  this  wheel  when  the  current  falls  below  a  given 
strength,  depending  on  the  adjustment  of  an  antagonistic  spring  attached  to 
the  armature;  a  continuous  feed  is  thus  produced  exactly  similar  to  that 
obtained  from  Duboseq'g  lamp.  The  pin  already  mentioned,  by  shortening 
ur  lengthening  the  cord  of  the  lower  electrode,  allows  its  height  to  be  adjusted 
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with  ease  and  accuracy,  so  as  to  bring  the  light  into  the  exact  centre  of  a 
reflector  or  lens  if  necessary. 

'The  lever  to  which  the  one  end  of  the  cord  of  the  upper  electrode  is 
secured  is  so  centred  that  by  slight  rocking  it  lifts  or  lowers  the  one  end  of 
the  cord,  and  consequently  the  whole  frame  or  electrode.  This  motion  is 
confined  within  small  limits  by  stops.  A  weight  on  the  other  end  of  the 
rocking  lever  nearly  balances  the  weight  of  the  upper  frame;  and  an 
armature  attached  to  this  weight  hangs  immediately  over  a  second  electro- 
magnet. When  no  current  circulates  through  the  lamp,  the  weight  of  the 
frame  and  electrode  overbalances  the  counterpoise,  the  armature  ia  lifted 
from  the  second  electro-magnet,  and  the  end  of  the  lever  carrying  the  cord 
fulls,  lowering  the  upper  electrode;  but,  when  the  current  is  passing,  the 
armature  of  this  electro-magnet  is  attracted,  and,  with  the  aid  of  the  counter- 
poise, pulls  down  one  end  of  the  rocking  lever,  lifting  the  cord  and  con- 
sequently the  upper  electrode.  The  first  electro-magnet  then  works  the 
detent  regulating  the  continuous  feed.  If  the  current  fail  for  an  instant — if, 
for  instance,  the  light  be  blown  out — the  armature  of  the  second  magnet 
flies  up,  the  upper  electrode  falls  into  contact  with  the  lower,  re -establishes 
the  current,  and  again  is  drawn  up  to  the  original  distance,  so  that  the  lamp 
is  re  lighted.' 

Other  forms  of  electric  lamp  have  been  contrived  by  Jaepar, 
Greasier,  Murray  and  Heath,  and  others,  for  descriptions  of  which 
we  must  refer  to  the  Jurors'  Report  above  alluded  to.  The  cost, 
however,  of  the  electric  power,  the  intensity  of  the  light,  and  the 
difficulty  of  producing  an  uniform  illumination,  have  hitherto  been 
insurmountable  barriers  to  the  application  of  the  electric  light  to 
the  purpose  of  general  illumination. 

By  using  600  cells  of  Bunsen's  carbon  battery,  Despretz  obtained 
a  voltaic  arc  7*8  inches  in  length. 

(132)  Intensity  of  the  Xlffbt  of  the  Voltaic  Are.— This  has 
been  examined  by  Casselmann  (Pogg.  Ann.,  lxiii.  576).  The  in- 
tensity of  the  light  was  measured  by  a  Bunsen's  photometer,  and 
the  strength  of  the  current  by  a  tangent  galvanometer,  and  ex- 
pressed in  chemical  units. 


Crude  charcoal       .    .    . 

Charcoal  saturated  with 

nitrate  of  potassium 
Charcoal  saturated  with 

caustic  potash .... 
Charcoal  saturated  with 

chloride  of  zinc   .    .    . 
Charcoal  saturated  with 

borax  and  su  Iph  uric  acid 
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Strength  of 
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current 
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5             I/O 
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X      5° 

67 
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)         i-5 

I        5° 

72 

1171 

64 
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Fig.  17a. 


Fig.  17J. 


The  ndvnntnge  gained  by  saturating  the  carton  terminals  with 
(■aline;  solutions  consisted  in  obtaining  a  more  voluminous  and  a 
steadier  light  than  could  be  obtained  from  crude  charcoal,  tinged 
however  with  colours  corresponding  with  the  solutions  employed. 
Tin-  numbers  in  the  table  demonstrate  a  diminution,  both  in  the 
atreugth  of  the  current  and  in  the  intensity  of  the  light,  in  propor- 
tion 11s  the  distance  between  the  terminals  is  increased.  According 
to  the  experiments  of  Fizeau  and  Foucatilt,  the  intensity  of  the 
voltaic  arc  produced  by  46  pairs  of  Bunsen'a  nitric  acid  battery  is 
34  times  as  great  as  that  of  the  oxy-bydrogen  light.  They  obtained 
from  So  elements  in  series,  very  little  greater  intensity  than  from 
46  elements ;  but,  when  the  plates  were  so  arranged  as  to  form 
fewer  elements  of  larger  size,  a  great  increase  in  the  intensity  wi 
obtained,  According  to  Tlunsen,  the  intensity  of  the  light  between 
carbon  electrodes  a  quarter  of  an  inch  apart,  from  48  couples  of  his 
battery,  is  equal  to  that  of  57a  candles. 

(133)  influence  of  Magnetism  on  tne  Voltaic  Arc. — It  was 
first  observed  by  Davy  that  a 
powerful  magnet  acts  on  the  vol- 
taic arc  as  upon  a  moveable  con- 
ductor traversed  by  the  electric 
current.  It  nttracts  and  repels  it, 
tad  this  attraction  and  repulsion 
manifests  itself  by  a  ihmiL'.  in 
the  form  of  the  arc,  which  may 
even  become  broken  by  too  great 
an  attraction  or  repulsion.  Fig. 
1  72  represents  the  voltaic  name 
between  two  cylinders  of  plum- 
bago, and  Fig.  173  the  etirved  form  which  it  assumes  under  the 
influence  of  a  magnetic  pole. 

De  la  Rive  found  that  the  arc  could  only  bo  formed  between  two  mag- 
netized iron  electrodes  when  they  were  brought  very  dose,  and  then  in  the 
form  of  noisy  sparks,  as  if  this  transported  particles  of  iron  disengaged  them- 
selves with  difficulty  from  the  positive  electrode.  When  a  platinum  plate 
was  placed  upon  one  of  the  poles  of  a  powerful  electro-magnet,  and  made  the 
negative  electrode,  a  point  of  platinum  placed  vertically  uuovo  it  being 
made  the  positive  electrode,  a  sharp  hissing  sound  was  heard  ;  this  wan  not 
the  case  when  the  electrodes*  were  revereed,  but  then  the  luminous  arc  no 
longer  maintained  a  vertical  direction,  but  was  projected  out  wards  towards 
the  edge  of  the  plate;  it  waa  incessantly  broken,  and  soundit  similar 
to  the  discharge  of  a  Lcydeu  jar  were  produced.  When  two  copper  points 
were  made  the  electrodes  while  under  the  influence  of  a  powerful  electro- 
magnet, and  the  battery  pOMl  intense,  the  sound  produced  was  so  loud  as 
to  bear  a  resemblance  to  distant  discharges  of  musketry. 

The  magnet  appears  to  cause  these  effects  by  producing  a  change  in  the 
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molecular  const  itutinn  of  the  matter  of  the  electrode,  or  rather  of  the  highly 
diffused  matter  which  forms  the  voltaic  an. 

(134)   Sound*  produced  Id  Metallic  Wire*  by  the  Passage 

of  a  Voltaic  Cnrrent  through  or   round  them.  —  liar-     1!    fan, 
tut,   sine,  bismuth,  and  even  of  load,  emit  distinct  sounds  when 
traversed   by  a  current  from  five   to  ten  pairs  of  the  nitric 
bnttery,  whilst  resting:  on  the  poles  of  an  electro-magnet ;  eef 
yhitinrim,  ornl  t9str  bare  do  the  same,  and  mercury,  and  even  dilute 
sulphuric  acid  and  a  solution  of  common  suit  enclosed  in   tub. 
glass,  emit  sounds  under  similar  conditions. 

For  experiments  on  the  sounds  produced  in  metallic  wires  by 
the  passage  of  a  voltaic  current  through  or  round  them,  a  sounding- 
board  may  be  employed,  on  which  the  wires  or  rods  are  kept  in  a 
state  of  tension  by  a  weight;  the  electric  current  may  be  sent 
through  tin'  wire,  or  through  helices  of  copper  wire  surrounding 
but  not  touching  them.  The  current  must  not  be  continuous 
broken  at  regular  intervals.  The  sound  of  a  well  annealed  iron 
wire,  which  far  surpasses  that  emitted  b)*  any  other  metal,  is  very 
strong,  resembling  the  sound  of  church  bells  in  the  distance, 
De  la  Rive  suggests  that  it  might  perhaps  be  advantageously 
employed  in  the  electric  telegraph. 

The  vibratory  motion  which  results  from  the  magnetization  and 
demagnetisation  of  soft  iron  by  the  electric  current  is  shown  by 
the  following  experiment : — 

la  the  interior  of  a  bobbin,  or  a  bottle  surrounded  with  a  wire  rolled  into 
a  helix,  are  placed  some  very  small  discs  or  filings  of  iron ;  when  &  broken 
current  is  caused  to  traverse  the  wire  of  the  helix,  the  discs  or  tilings  are 
seen  to  be  agitated,  and  to  revolve  round  each  other  in  the  most  remarkable 
manner,  the  filings  having  the  appearance  of  being  in  ebullition.  If  the 
current  he  intense,  they  dart  in  the  form  of  jets  like  so  many  fountains.  The 
QMtiM  of  the  filings  is  attended  with  &  noise  similar  to  that  of  a  liquid  when 
it  is  boiling. 
To  exhibit  the  heating  power  of  the  voltaic  arc,  a  small  cavity 
should  be  bored  in  the  positive  gas-coke  electrode, 
rig.  1 74.  which  serves  as  a  crucible  (Fig.  174)'  into  this 

the  metal  to  be  operated  upon  is  placed,  and  the 
current  is  transmitted  from  a  battery  of  twenty 
or  thirty  cells  of  the  nitric  acid  battery.  Tie 
metals  are  not  only  fused,  but  are  actually  con- 
verted into  vapour  and  disappear. 

(135)  luminous  Discharge  of  Voltaic  Bat- 
teries)   In   Carbonic   Acid  Vacua. — The 
vacuum  procurable  by  the  air-pump  is  still  im- 
perfect,   and   even    in    the    Torricellian  vacuum 
matter  is  present  in  the  form  of  highly  attenuated  mercurial  vapour. 
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Mr.  Gas&iot,  desiring  to  study  the  effects  of  electric  discharge 
through  the  most  perfect  medium  that  could  he  procured,  availed 
himself  (Phil.  Trans.,  vol.  cxlix.  p.  147)  of  the  powerful  affinity  of 
caustic  potash  for  carbonic  acid,  and  with  the  assistance  of  Pro- 
fessor Frankland  prepared  tubes  which  could  he  filled  with  pure 
carbonic  acid  gas ;  then  exhausted  by  means  of  an  air-pump ;  and 
finally  the  small  portion  of  carbonic  acid  still  remaining  absorbed 
by  sticks  of  caustic  potash.  Several  such  tubes  were  provided. 
They  were  generally  about  6  inches  long  and  x  inch  in  diameter ; 

Fig.  175. 


^ 


some  were  furnished  with   gas-coke  electrodes  in    the  form   of 
balls  \  inch  in  diameter,  attached  to  hermetically  sealed  platinum 

Fig.  176. 


"X. 
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wires,  protected  by  glass  tubing  as  far  as  the  balls,  placed  about 
3  inches  apart,  others  with  copper  and  platinum  electrodes  j  others 


< 


Fig.  177. 
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were  also  constructed  in  which  the  narrow  part  of  the  tube  con- 
taining the  caustic  potash  was  sealed  off.  On  connecting  the  ter- 
minals of  a  water  battery  of  3  5  20  elements  (1  oa)  with  the  electrodes 
in  any  of  these  tubes,  stratified  discharges  were  obtained,  which 
appeared  to  be  continuous,  but  which  entirely  ceased  when  the 
potash  was  heated.    In  one  of  these  tubes  the  luminous  discharge 
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assumed  the  appearance  shown  in  Fig.  178.  With  a  battery  of 
512  series  of  Daniell's  elements  (zinc  anil  copper  insulated'),  the 
negative  hull  was  surrounded  with  a  brilliant  glow,  without  any 


Fig.  178. 


Fig.  179. 


*t rati 6 cation,  as  shown  in  Fig.  179;  the  luminosity  round  the 
positive  coke  being  feeble  With  11  buttery  of  4.00  series  of  Grove's 
elements.  The  discharge  through  a  vacuum  tube  14.  inches  long  sod 
18  inches  in  circumference,  one  of  the  electrodes  being  a  copper 
curved  disc  4.  inches  in  diameter,  and  the  other  a  brass  wire, 
passed  with  a  display  of  magnificent  strata  of  the  most  dazzling 
brightness. 

'  On  the  copper  plate  there  was  a  white  layer,  then  a  dark  space  about  one 
inch  broad;  then  a  bluish  atmosphere,  Curved  like  the  plate,  evidently  three 
negative  envelopes  on  a  great  scale.  Wheu  the  plate  waa  positive  the  effect 
wu  comparatively  feeble.' 

Through  a  vacuum  tube  6  inches  long  and  1  inch  in  diameter, 
with  the  tube  containing  caustic  potash  attached,  and  carbon  ball 
electrodes,  intense  heat  was  produced,  the  discharge  presenting  a 
stream  of  light  of  intolerable  brightness,  in  which,  when  viewed 
through  a  plate  of  green  glass,  strata  could  be  observed.     This 

Fig.  180. 


soon  changed  to  n  sphere  of  light  on  the  positive  ball,  which  became 
red  hot,  the  negative  being  surrounded  by  magnificent  envelopes. 

Fig.  181. 


On  Applying  a  horseshoe  magnet,  the  positive  light  was  drawn  out 
into  strata,  the  needle  of  a  galvanometer  in  the  circuit  was  violently 


deflected,  and  its  polarity  reversed,  settling  at  a  deflection  of  450 
On  heating  the  potassa,  the  discharge  again  burst  into  a  sunlight 
tlanie ;  add  as  the  heat  was  still  further  increased,  four  or  Ave  cloud- 
ie  and  remarkably  clear  strata  came  out  from  the  positive  ball ; 


Fig.  181. 


and  these  were  quickly  followed  by  a  sudden  discharge  of  the  most 
azzling  brightness,  which  remained  for  several  seconds.  The  strati- 
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fications  were  conical  in  shape,  asdepicted  inFig.  183.  The  needle 
of  the  galvanometer  was  suddenly  and  violently  deflected.  At  the 
instant  that  this  stratified  discharge  took  place,  there  was  intense 
chemical  action  in  the  battery,  denoted  by  the  evolution  of  nitrous 
fumes. 

With  a  tube  with  brass  electrodes,  the  discharge  did  not  appear 
until  the  caustic  potassa  was  heated,  when  the  most  dazzling  strata 
were  observed.  '  I  had  to  use  a  dark-green  glass  to  examine  the 
strata,'  says  Dr.  Robinson.  '  As  I  was  observing,  the  last  strata 
rolled  leisurely  away,  like  a  globe  of  light,  from  the  others  to  the 
negative  glow,  in  which  it  appeared  to  dissolve.  As  the  potassa 
cooled,  the  strata  Bhrunk  up  and  dissolved  at  the  positive  wire,  as 
did  the  glow ;  and  when  the  dark  negative  reached  the  point,  all 
luminosity  ceased.' 

(136)  Disruptive  Discharge  before  Contact.— In  the  course 
■  >f  these  experiments,  it  was  ascertained  by  Mr.  Gassiot  that  a  dia- 
ruptave  or  spark  discharge  could  be  obtained  in  air  from  the 
nitric  acid  battery  as  well  as  from  the  water  battery,  and  that 
when  these  discharges  were  passed  through  the  highly-attenuated 
matter  contained  in  carbonic  acid  vacua,  the  same  luminous  and 
stratified  appearance  was  produced  as  by  an  inductive  coil — a  proof 
that  whatever  may  be  the  cause  of  the  phenomenon,  it  could  not 
arise  from  any  peculiar  action  of  that  apparatus.     When  the  cells 
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of  the  battery  are  not  insulated,  no  luminous  discharge  can  be 
obtained  until  the  circuit  hits  been  completed,  and  the  beftninala 
then  tenanted.  (Tpoa  this  the  arc  appears,  the  length  and 
brilliancy  of  widen  depend  on  the  number  of  elementa  of  the 
battery.  With  400  carefully  insulated  cella,  Mr.  Gaaaiot  obtained 
spark  discharge  before  the  circuit  was  completed,  the  spark  changing 
to  an  arc  of  great  brilliancy  by  a  momentary  completion  <cf  the 
circuit,  With  the  water  battery  of  3.5=-  elemente,  not  the  slightest 
appearaoce  of  as  aw  diechwge  could  be  obtained,  hut  u  omtinuous 

stream  of  spark  discharges  took  place  between  the  terminals,  until 
the  water  in  the  cells  had  nearly  evaporated. 

When  the  dieeherge  from  the  nitric  acid  battery  between  carbon 
electrodes  in  the  carbonic  acid  vacuum  tubes  was  disruptive,  the 
needle  of  the  galvanometer  was  only  slightly  affected,  and  no 
Chemical  action  could  be  observed  in  the  battery  ;  but  the  instant 
that  arc  discharge  took  place,  there  was  violent  deflection  of  the 
galvanometer,  and  Btrong  indications  of  chemical  action  in  the  cells 
of  the  battery.  Arc  discharge  could  always  be  produced  by  best- 
be  caustic  potossa.  This  appeared  to  facilitate  the  iliseharga, 
and  to  assist  in   the  linn  of  the  carbon  particles.     It  is 

these  carbon  particles  which  produce  the  arc  discharge  and  the 
brilliant  light- 
It  is  Mr.  Gassiot's  opinion  that  the  stratified  discharge  arises 
Eton  tie1  impulses  of  a  force  acting  on  highly-attenuated  but  re- 
sisting media  ;  and  he  concludes  that  the  ordinary  discharge  of  the 
voltaic  battery  under  every  condition  is  not  continuous,  but  inter- 
mittent, nikd  that  it  consists  of  a  series  of  pulsations  or  vibrations, 
of  greater  or  less  velocity,  according  to  the  resistance  in  the  chemical 
or  metallic  elements  of  the  battery,  or  the  conducting  media  through 
which  the  discharge  passes.  (Proceedings  of  the  Royal  Sot 
voL  x,  p.  4.04.) 

(137)  Further  Investigations  of  G-assiot.  —  The  strati 
appearance  produced  in  carbonic  acid  vacua  by  an  extended  series 
of  the  water  battery,  and  the  effects  obtained  by  varying  the  re- 
sistance,  have  been  further  investigated  by  Mr,  (tassiot  ( /V<»c, 
Rmjal  Soc.,  Dec.  it,  1861}.  When  the  discharge  is  taken  be- 
tween two  small  balls  of  coke,  i£  inch  apart,  in  a  carbonic  add 
vacuum  tube,  s Jt  inches  long  and  1  inch  in  diameter,  luminous 
glows  are  observed  on  both  balls;  that  on  the  negative  being  larger 
and  more  brilliant  nt  intervals,  as  flash  discharges  take  place,  but 
in  the  dark  disrhurge  between  the  balls  no  atria)  can  be  seen. 
When,  however,  a  resistance  of  about  3  inches  of  water  is  intro- 
duced in  the  circuit,  the  discharge  assumes  a  m  lined  ap- 
jieui  iiuce  j  it  is  now  intermittent,  being  separated  when  examined 
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by  the  revolving  mirror  into  a  aeries  of  discharges.  By  varying 
the  resistance,  the  character  of  the  discharges  conld  be  varied,  and 
rendered  either  stratified  and  intermittent,  or  bright  and  con- 
tinuous. 

The  discharge  from  the  entire  battery  of  3,360  cells  charged 
with  salt  and  water,  between  two  aluminium  balls  three-eighth-  of 
an  inch  in  diameter  and  3  inches  apart,  in  a  vacuum  tube  about 
5  inches  long,  is  of  dazzling  brilliancy,  exhibiting  1%  or  14  strife, 
learest  the  negatire  ball  being  truncated  and  of  a  pale-green 
colour. 

When  a  it  distance  of  36  inches  of  water  is  interposed  in  the 
circuit,  ft  faint  luminous  dischafgfl  is  observed  at  each  ball ;  as  the 
resistance  La  lessened,  the  two  luminous,  discharges  appear  to 
travel  t  iwanls  or  attract  each  other.  When  the  resistance  lb  dimi- 
nished to  33  inches,  a  single  clearly-defined  luminous  disc  bur^t- 
from  the  positive,  and  remains  steady  and  apparently  fixed. 

Ftg.  184. 


The  resistance  being  diminished  to  23  inches  of  water,  the  lumi- 
nous discharge  at.  the  positive  slowly  progresses  along  the  tube 
until  a  second  bright  disc  appears  ami  remains  stationary.  The  te- 
sistance  being  diminished  to  20  inches  of  water,  a  third  di 
developed;  18  inches  of  water  resistance  brings  out  a  fourth  disc  ; 
14.  inches  a  fifth',  it  inches  a  sixth  ;  7  inches  a  seventh,  the  nega- 
tive glow  iuevi-asitig  in  brilliancy,  and  having  a  flattened  appear- 
ance; with  3  inches  of  water  resistance  an  eighth  disc  is  obtained. 
"When  the  resistance  is  still  further  lessened,  three  or  four  more 
discs  come  out  in  quick  succession  ;  the  whole  discharge  becomes 
unsteady,  and  the  luminous  discs  are  no  loDger  fixed;  some  of 
these  remarkable  phenomena  are  illustrated  in  Kgi  185,  When  a 
tnle,  3  inches  long  and  1  inch  in  diameter,  provided  with  very 
thin  platinum  alectxod&fl  live-eighths  of  an  inch  apart,  was  em- 
ployed, ho  discharge  pawed  till  the  potash  which  it  contained  was 
betted,  when  a  faint  luminosity  appeared,  and  immediately  B 
wards  one  and  then  two  cloudlike  stria?  came  from  the  positive 
wire,  while  round  the  negative  a  large  brilliant  glow  was  pro- 
duced; aa  the  discharge  continued,  the  negative  wire  became  red- 
itu 
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matter  through  which  the  discharge  IB  visible.  The  striro  can  bo 
controlled,  their  number  increased  or  reduced,  and  their  places  nnd 
positions  in  the  tubes  altered,  by  the  introduction  of  a  measurable 
amount  of  resistance  in  the  circuit ;  and  thus  they  appear  to  indi- 
cate the  amount  of  force  of  tension  which  exists  in  a  closed  circuit  of 
the  battery,  as  the  divergence  of  the  gold-leaves  of  an  electroscope 
denotes  the  evidence  of  tendon  before  the  circuit  is  completed. 

1  May  not,"  enquires  Mr.  Gassier,  '  the  dark  bands  be  the  nodes  ofvndula- 
tto*,  arising  from  impulse?  proceeding  from  positive  and  negative  discharges, 
analogous  with  the  stationary  undulations  which  exist  in  a  column  of  air 
when  isochronous  progressive  undulations  meet  each  other  from  oppoeita 
directions,  and  on  the  surface  of  water  by  mechanical  impulses  similarly 
interfering  with  each  other?  or,  can  the  luminous  stratifications  ha  the 
representations  of  pulsations  which  pass  through  the  battery,  impulses  pos- 
sibly generated  by  the  action  of  the  discharge  along  the  wires? " 

(138)  Heat  developed  at  the  Poles  of  a  Voltaic  Battery 
during;  the  Passage  of  luminous  Discharges  In  Air  and  in 
Vacuo. — The  curious  facts— -first,  that  when  the  arc  discharge 
takes  place  between  two  wires  attached  to  the  terminal  plates  of 
nn  extended  series  of  the  voltaic  battery,  the  positive  electrode 
becomes  red-hot,  and  ultimately  fuses,  whilst  the  negative  elec- 
trode remains  comparatively  cool ;  and,  secondly,  that  when  the 
discharge  from  an  induction  coil  is  taken  in  air  or  in  vacuo,  it  is 
the  negative  terminal  that  is  most  heated,  were  discovered  by 
G-fissiot,  the  former  in  1838  and  the  latter  in  1858. 

In  a  paper  communicated  to  the  Royal  Society  (June  it,  i86t), 
he  investigates  these  phenomena  more  closely.  When  a  vacuum 
tuber  3  inches  long  and  1  inch  in  diameter,  provided  with  carbon 
ball  electrodes,  one-eighth  of  an  inch  in  diameter  and  r  inch  apart, 
is  introduced  into  the  circuit  of  400  cells  of  the  nitric  acid  battery, 
each  cell  being  separately  insulated;  the  discharge  at  first  always 
assumes  the  form  shown  in  Fig.  179  ;  the  tieffafhv  carbon  being  sur- 
rounded with  a  luminous  glow,  which  gradually  increases  in  size 
until  the  ball  becomes  red-hot.  When  the  carbon  ball  electrodes 
are  replaced  by  balls  of  aluminium,  the  negative  metal  soon  drop» 
off  in  a  molten  state,  the  positive  ball  retaining  its  original  metallic 

Lotto, 

la  two  of  the  vacuum  tubes  hollow  brass  balls  were  substituted 
for  those  of  carbon.  The  negative  ball  soon  became  heated  by  tin- 
discharge.  On  a  sudden,  a  flash  of  light  was  visible  in  the  vacuum, 
and  the  glass  became  instantly  coated  with  metal.  On  examining 
the  tube,  it  was  found  that  one-half  of  the  negative  ball  was 
separated  from  the  reat  nnd  partly  fused:  the  intense  heat  had 
vaporised  the  silver  with  which  the  two  hemispheres  forming  fcbfi 
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b*U  had  been  teldefed,  mi  it  <wm  (hit  mporieed  metal  tturi  ww 

deposited  on  the  sides  of  the  tube. 

On  repenting  this  experiment  the  negative  ball  became,  as  before, 
red-hot;  suddenly  a  hi-illiiini  -'niiiiii-il  discharge  took  place,  con- 
tinning  fin  fines  or  four  seconds;  the  negative  ball  instantly 
losing  its  luminosity,  and  the  ptmtiiw  becoming  red-hot,  and 
remaining  so  for  two  or  three  seconds  after  the  circuit  of  the 
battery  had  been  broken.  At  the  moment  that  the  stratified  dis- 
cbaxge  took  place  the  evolution  of  nitrous  fumes  denoted  intense 
notion  in  the  battery. 

It  appears  then  that  as  long  as  the  intermittent  discharge  con- 
tinues, resistance  takes  place  at  the  negative  terminal,  and  that 
this  is  the  cause  of  its  being  the  most  strongly  heated;  as  soon, 
however,  as  the  action  of  the  battery  becomes  sufficiently  energetic, 
are  or  continuous  discharge  takes  place,  and  then  the  positive  ter- 
minal becomes  most  heated. 

The  conclusion  drawn  by  Mr.  Gas.sint,  from  these  and  many  other 
similar  experiments,  is  '  that  the  dndapmeni  •>/  heat  either  at  the 
pot&MM  or  the  negative  pole  of  the  Bottaic  battery  is  entirety  due  tn 
tin-  amount  of  resistance  which  lake*  place  in  that  pad  of  the  batterp 

rimtit.' 

(139)  Interruption  of  the  Voltaic  Discharge  in  Vacuo  by 
Magnetic  Force. — The  following  beautiful  and  striking  results 
were  obtained  by  Mr.  C!as>iot  -with  400  cells  of  the  nitric  acid 
battery  (Proc.  Royal  Sac,  vol,  x.  p.  169)  : — 

A  large  tubular  vessel,  24  inches  long  and  6  inches  in  diameter  at  its 
widest  port,  was  filled  with  carbonic  add  and  exhausted,  the  last  portions  uf 
gas  being  absorbed  by  caustic  potash ;  through  each  end  of  the  vessel  pluli- 
num  wires  pass  ;  to  one  was  attached  (inside  the  vessel)  a  concave  copper 
plate  4  inches  in  diameter,  and  to  the  other  a  brass  wire.  This  re 
was  connected  with  the  battery,  and  placed  between  the  poles  of  a  power  Id! 
m-magnet,  the  lines  of  force  going  through  it.  The  stratified  discharge 
was  extinguished  the  moment  the  electro-magnet  was  thrown  into  action. 
Subsequently*,  through  the  sinking  of  the  battery,  or  some  oilier  cause,  the 
strati  13  cations  disappeared,  and  the  lube  was  filled  with  aluminous  glaw.  Oil 
now  exciting  the  magnet  with  a  battery  of  10  cells,  effulgent  strata  were 
drawn  out  from  the  positive  pole,  passing  along  the  upper  or  under  surface 
of  the  receiver,  according  to  the  direction  of  I  he  current  On  making  the 
circuit  of  the  magnet,  and  breaking  it  immediately,  the  luminous  strata 
rushed  from  the  positive  and  then  retreated,  cloud  following  cloud  with  a 
deliberate  motion,  and  appearing  as  if  swallowed  up  by  the  positive  elec- 
trode. 

The  amount  of  electricity  which  passed  appeared  materially  increased  on 
exciting  the  magnet  j  once  the  discharge  was  so  intense  as  to  fuse  half  an 
inch  of  the  positive  terminal.     After  this  had  occurred,   the  dischar^ 
longer  passed  as  before  when  the  terminals  of  the  battery  were  connected 
with  it;  but  on  connecting  the  positive  end  of  the  battery  with  the  gas-pipes 


of  the  building,  the  discharge  passed.  The  discharge  could  also  be  cxtin- 
uiislie.il  by  tli  0  magnet;  1111J  I  he  time  necessary  to  accomplish  this  furnished 
a  beautiful  indication  of  the  gradual  rise  and  reduction  in  the  power  of  the 
<'k'("tro-inagnet. 

Somewhat  similar  results  were  obtained  with  the  water  buttery, 
the  discharge  from  31520  cells  being:  either  entirely  destroyed  or 
interrupted  by  the  power  of  the  electro-magnet. 


CHAPTER  v. 


MAGNETIC    EFFECTS   OF   THE   VOLTAIC   CV BRENT. 

Galvanometers— General  Principles— The  Astatic  Needle  Galvanometer — 
Graduation— The  Tangent  —  Sine — Differential — Reflecting  and  Murine 

Galvanometers. 

(140)  Tiie  Galvanometer. — The  influence  of  magnetism  on 

the  voltaic  arc  has  been  already  alluded  to.  Thy  rotirudtration  of 
the  mutual  relations  of  the  magnetic  and  electrical  forces  belongs 
to  another  division  of  our  subject.  We  refer  to  them  here  in  an- 
ticipation, for  the  purpose  of  describing  some  important  instru- 
ments much  used  for  determining  the  intensity  of  hydro-electric 
currents.  These  instrumenta  are  called  t/alcmionietcrs  or  galoano- 
imiltipUtrs,  and  are  founded  on  the  important  discovery  of  Oersted, 
made  in  the  year  18  ig. 

The  fundamental  fact  observed  by  this  philosopher  was,  that 
when  a  magnetic  needle  is  brought  near  the  conducting  medium 
of  a  closed  voltaic  circle,  it  is  immediately  deflected  from  its  normal 
position  and  made  to  take  up  anew  one,  depending  on  the  relative 
position*  of  tin-  a-'.. ,Ur  mid  wire. 

If  the  connecting  medium  be  placed  horizontally  over  the  needle,  that  pole 
of  the  latter  which  is  nearest  to  the  negative  end  of  the  battery  always  moves 
wentieard ;  if  it  ba  placed  under  the  needle,  the  same  pole  moves  eartwnni 

If  the  connecting  wire  be  placed  parallel  with  the  needle— that  is,  brought 
into  the  same  horizontal  plane  in  which  the  needle  is  moving — then  no 
motion  of  the  needle  in  that  x»lane  takes  place;  but  a  tendency  is  exhibited 
in  ft  to  move  in  a  vertical  circle,  the  pole  nearest  the  negative  side  of  the 
battery  being  depressed  when  the  wire  is  to  the  west  of  it,  and  elevated 
wli-'ii  it  is  placed  on  the  eattern  side. 

If  the  battery  current  be  9ent  above  and  below  the  needle  at  the  same 
time,  but  in  opposite  directions,  the  deflection  is  more  powerful,  for  the 
current  traversing  the  wire  above  the  needle  conspires, equally  with  the  current 


248 


VOLTAIC    ELECTRICITY. 


ing  along  the  wire  Mow,  to  deflect  Iho  needle  from  its  natural  position, 

md  to  bring;  it  into  a  new  one  nearer  at  right  angles  to  the  plane  of  the  wire. 

If,  instead  of  passing  once  over  and  one*  under  the  needle,  the  conducting 

wire  be  caused  to  make  a  great  number  of  convolutions,  the  deflecting  power 

of  the  current  will  be  proportionately  increased,  and  an  instrument  will  be 

Fife'.  186. 


obtained  by  which  very  feeble  currents  mny  he  readily  detected.  Tbta 
then  is  the  principle  of  the  palranometer,  the  simplest  form  of  which  is 
shown  in  Fig.  186,  but  to  which,  to  adapt  it  to  the  detection  of  very 
minute  currents,  various  forms  have  been  given  j  in  all,  the  convolutions 
of  the  wire  are  multiplied,  and  the  lateral  transfer  of  the  electricity  pre- 
vented by  coating  it  with  sealing-wax. 

The  sensibility  of  the  galvanometer  is  much  increased  by  neu- 
tralizing the  magnetic  influence  of  the  earth,  by  employing  t\ 
needles.  The  neutralizing  needle  is  attached  to  the  principal  one, 
placing  them  one  above  another,  and  parallel  to  each  other,  but 
with  their  poles  in  opposite  directions;  they  are  fixed  by  being 
passed  through  a  straw  suspended  from  a  thread.  The  distract 
between  the  needles  is  such  as  to  allow  the  upper  coil  of  the  wires 
to  pass  between  them,  an  opening  being  purposely  left,  by  the 
separation  of  the  wires  at  the  middle  of  that,  coil,  to  allow  the 
middle  of  the  straw  to  pass  freely  through  it.  A  graduated  circle, 
on  which  the  deviation  of  the  needle  is  measured,  ia  placed  over 
the  wire  on  the  upper  surface  of  the  instrument,  having  an  aper- 
ture in  its  centre  for  the  free  passage  of  the  needle  and  straw. 

Professor  Tyndall  ( II eat  Considered  as  a  Modi-  of  Motion,  jj.  ao) 
giTes  the  following  directions  for  the  preparation  of  a  pair  of  these 
needles : — 

'Magnetize  both  of  them  to  saturation;  then  suspend  them  in  a  vessel  or 
under  a  shade,  to  protect  them  from  air-currenta.  The  system  will  probably 
set  in  the  magnetic  meridian,  one  needle  being  almost  in  all  cases  stronger 
than  the  other.  Weaken  the  stronger  needle  carefully,  by  the  touch  of  a 
second  smaller  magnet.  When  the  needles  are  precisely  equal  in  strength, 
they  will  Set  at  right  angles  to  the  vwrpirtic  meridian. 

'It  might  be  supposed  that  when  the  needles  are  equal  in  strength,  the. 
directive  force  of  the  earth  would  be  completely  annulled,  that  the  double 


needle  would  be  perfectly  astatic  and  perfectly  neutral  as  regards  direction, 
obeying  simply  the  torsion  of  its  suspended  fibre.  Thia  would  be  the  case 
if  the  magnetic  axes  of  both  needles  could  be  caused  to  lie  with  mathematical 
accuracy  in  the  same  vertical  plane.  In  practice,  this  is  next  to  impossible ; 
the  axes  always  cross  each  other.' 


Fig.  187. 


The  astatic  needle  galvanometer  is  shown  in  Fig.  187.  The 
bobbin  ia  surrounded  with  some  two 
or  three  thousand  turns  of  very 
tine  and  well-inaulated  copper  wire. 
The  needles  are  suspended  by  a  sin- 
gle fibre  of  blenched  and  baked  silk. 
When  the  instrument  is  not  in  use, 
the  upper  needle  rests  on  a  graduated 
card,  from  which  it  is  raised  when 
about  to  be  put  in  action  by  a  sim- 
ple mechanical  contrivance  at  the  top 
of  the  glass  shade.  The  axis  joining 
the  two  needles  must  be  brought 
exactly  in  tlir  centre  of  the  card, 
which  is  easily  effected  by  means  of 
ndjustiug  screws.  The  upper  needle 
i-  brought  exactly  to  zero  of  the 
scale  by  turning  the  card  by  means  of  a  button  underneath  the  base 
of  the  instrument.  A  good  galvanometer  should  not  make  more 
than  two  oscillations  a  minute,  and  should  return  exactly  to  zero. 
It  is,  however,  very  difficult  to  realize  this.  The  astatic  needle  is 
very  sensitive  to  the  slightest  magnetic  action,  and  copper  wire 
almost  invariably  contains  traces  of  iron.  Tyndall  states  that  in 
an  instrument  constructed  for  him  by  Sauerwald,  of  Berlin,  the 
needle  was  deflected  30°  from  the  zero  line  when  no  current  was 
flowing  through  the  instrument.  On  replacing  the  wire  by  Eng- 
lish copper,  the  deflection  fell  to  30 ;  and  this  deflection  was  traced 
lt>  the  green  silk  with  which  the  wire  was  covered,  in  the  dyeing 
of  which  some  iron  compound  had  been  used.  When  this  was 
■red  and  replaced  by  wlrite  silk,  a  perfect  galvanometer  was 
tin-  result. 

In  his  electro-physiological  researches,  M,  Du  Bois  Reymond 
employed  a  galvanometer  with  from  2.5,000  to  30,000  coils;  but  to 
Jit  it  for  these  delicate  investigations,  it  was  necessary  to  apply  a 
correction  for  the  iron  contained  in  the  copper  wire.  This  was 
done  by  placing  in  the  interior  of  the  coil  a  small  magnetized  frag- 
ment one -twenty- fifth  of  an  inch  in  length  ;  thiB  compensated  the 
disturbing  action  as  long  as  the  needles  were  near  zero,  but  the 
action  was  null  as  soon  as  they  moved  through  a  few  degr 
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(141 )  Melloni'*  Method  of  Graduating  a  Galvanometer. — 
("Translated  from  La  Thermochrose,  and  quoted  by  Tyndall  iu 
p.  56s  of  his  work  on  Heat  ctmnitltred  at  u  Mode  «f  Mutton }  -.— 

'  Two  small  vessela,  V  V  (Fig.  188),  are  half  filled  with  mercury,  and  con- 
nected separately  by  two  short  wires  with 
the  extremities,  o  o,  of  the  galvanometer. 
The  vessels  and  wires  tlms  dispose*!, 
iiuik.fi  no  change  in  the  action  of  the 
instrument,  the  thermo-electric  current 
being  ("reefy  transmitted  as  before  f r. 
pile  to  tln>  galvanometer.  But  if  by 
means  of  a  wire  f,  a  communication  be 
established  between  the  two  vessels,  part 
of  the  current  will  pass  through  this  wire 
and  return  to  the  pile.  The  quantity  of 
electricity  circulating  in  the  galvanometer 
will  be  thus  diminished,  and  with  it  the 
deflection  (if  the  needle. 

Suppose  then  that  by  this  artifice  we 
have  reduced  the  galvanometric  deviation  to  its  fourth  or  fifth  part — in 
other  words,  supposing  that  the  needle,  being  at  io°  or  120  under  the 
action  of  a  constant  source  of  heat  placed  aL  a  fixed  distance  from  the  |iiie, 
descends  x°  or  30,  when  a  portion  of  the  current  is  diverted  bj'  the  ex- 
ternal wire — I  say,  that  by  causing  the  source  to  act  from  various  distances, 
and   observing   in   each   case  the  rod  1   and   the   reduced   deflection. 

we  have  all  the  data  necessary  to  determine  the  ratio   of  the  deflections 
of  the  needle  to  the  forces  which  produce  these  deflections. 

To  render  the  exposition  clearer,  and  to  furnish  at  the  same  time  art 
axamplt  of  the  mode  of  operation,  I  will  take  the  numbers  relating  to  the 
application  of  the  method  to  one  of  my  therroo-mnltipliers. 

The  external  circuit  being  interrupted,  and  the  source  of  heat  being  sufn- 
liintly  distant  from  the  pile  to  give  a  deflection  not  exceeding  50  of  the 
galvanometer,  let  the  wire  be  plnced  from  v  to  V;  the  needle  falls  to  15°. 
The  connection  between  the  two  vessels  being  again  interrupted,  let  the 
source  las  brought  near  enough  to  obtain  successively  the  deflections — 

5°;  io°;  15°;  20°;  25°;  300;  35°;  400 ;  450. 

Interposing  after  each   the  same  wire  between  v  and  V,  we  obtain  the  fol- 
lowing numbers — 

150;  3°i  4-5°;  6'3°i  *4°;  "'a°;  '5'3°1  «"4°;  *97°- 
Assuming   the  force  necessary  to  cause  the  needle  to  describe  each  of  the 
first  degrees  of  the  galvanometer  to  be  equal  to  unity,  we  have  the  number  5 
as  the  expression  of  the  force  corresponding  to  the  first  observation.      1  li<- 
other  forces  are  easily  obtained  by  the  proportions— 

''5 


S  =  " 


x  ■  A a "  3333  o 


(1  bat  is  to  say,  one  reduced  current  is  to  the  total  current  to  which  it  corre- 
sponds, as  any  other  reduced  current  is  to  its  corresponding  total  current), 
where  a  represents  the  deflection  when  the  exterior  circuit  is  closed. 
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W«  ill ua  obtaln- 


5,  10,  151,  21.  28,  373. 


the  forces  corresponding  to  the  deflections — 

50,  io°,  1 50.  20°,  250,  300, 
In  this  instrument,  therefore,  the  forces  ore  sensibly  proportional  to  the 
arcs  up  to  nearly  150.     Beyond  this  the  proportionality  ceases,  and   the 
divergenee  augments  as  the  arcs  increase  in  size. 

The  forces  belonging  to  the  intermediate  degrees  are  obtained  with  greater 
ease,  either  by  calculations  or  by  graphical  construction,  which  latter  is 
sufficiently  accurate  for  these  determinations, 

By  these  means  we  find : — 

Degrees    .    .    .     13°,  14°,  15°,  160,  17°    180,  190.  200,  «°; 

Forces.    ...     13.  14' 1,  15-3,   163,  174,  iS-6,  198,  21,  23*3; 

Differences    .     .     I't,  I'l,  I"I,  VI,  I1*,   |%  1*2,   13. 

Degrees    .    .    .     23°,  230,  240,  25°,  26°   27°   28°,  29°,  jcP; 
Forces.     .     .     .     23  5,  249-  26-4,  28,  297,  31-5.  334,  35-3,  37-3; 
Differences    .     .     14,   I 'J,  l"6,  17,  i  8,  19,  19,  2. 

In   this   table  we  do  not  take  into  account  any  of  the  degrees  preceding 
:ie  13th,  because  the  force  corresponding  to  each  of  them  possesses  the  same 

U  the  deflection. 
The  force  corresponding  to  the  first  300  being  known,  nothing  il  • 
than  to  determine  the  values  of  the  forces  corresponding  to35°f4d0,,45°,  and 
upwards. 
The  reduced  deflections  of  these  three  arcs  are — 
15-3°,  22  40,  2970. 

Let  us  consider  them  separately,  commencing  with  the  first.     In  the  first 
place  then  150,  according  to  our  calculation,  are  equal  to  152:  we  obtain 
the  value  of  the  decimal  o'3  by  multiplying  this  fraction  by  the  diflV. 
0"t)  which  exists  between  the  15th  and  16th  degrees,  for  we  have  evidently 
the  proportion — 

i   :  i'l  =  0*3  :  .r  =  03. 

The  value  of  the  reduced  deflections  corresponding  to  the  35th  degree  will 
not  therefore  be  15.3°,  but  i5'i°  +  0'3=l5-50.  By  similar  considerations  wa 
rind  23'5°  +  o-6  =  24-|°  instead  of  22-4°,  and  3670  instead  of  29  70  for  the 
(tedw  Bd  deflections  of  40°  and  45°. 

It  now  only  remains  to  calculate  the  forces  belonging  to  these  three 
deflections,  15'S°,  24"i°,  and  36 70,  by  means  of  the  expression  3-333  a ;  this 
gives  us — 

For  forces     ....     517,80-3,1223; 

For  the  degress    .    .     35,     40,     45. 

Comparing  these  numbers  with  those  of  the  preceding  table,  we  see  thnt 
the  sensitiveness  of  our  galvanometer  diminishes  considerably  when  we  use 
deductions  greater  than  30°.' 

( 1 42 )  The  Tangent  Galvanometer. — The  galvanometer  which 

we  have  just  been  describing;  is  an  exquisitely  delicate  teft   id'  the 

fence  and  direction  of  a  currant;  it  is  not,  however,  adapt    I 

for  its  quantitative  measurement,  for  this  purpose  the  tangent  com- 
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pass  or  pnkcuiometer  (Figs.  189  ami  190)  ia  employed.     Ii 
.it"  41  la iv  circle  or  h cop  of  copper  ribbon  covered  with 
fixed  vertically  upon  a  graduated  circle,  exnctly  in  the 

which    ia    placed— -either    In 
rip.  189.  suspension  by  a  silk   thread, 

or  on  a  cap  resting  on  a  ph  of 
— a  very  short  hut  intra 
magnetized need!'-,  which  may 
be    considered    to    be    fully 
under  the  influence  of  the  cur- 
rent, at  whatever  angle  it  may 
I «  placed.    The  hoop  i*  placed 
exactly  in  the  magnetic:   me- 
ridian] and  when  the.  current 
la  transmitted  through  ii 
needle  deviates,  and  the 
of  the  current  is  pi 
to  the  tangent  of  the  ««■■■' 
the  needle  s  decUiuttwH)  whi 
the   name    given    to   the    In* 
-iruiii.iii.    The  needle  ia  pro- 
vided 1  ra inversely  with  | 
light  copper  needle,  by  means 
of  which  the  angle  is  measured.    The  tangent  of  the  angle  of  deflec- 
tion may  be  learned  without  calculation  by  reference  to  a  Table  of 
Natural  Tangents.     This  instrument  cannot  be  relied   upon    for 

angular    devil) 
Fig.  too.  which  much  ex 

700,  owing  to  the 
rapid  ly-  diminish  in  g 
angular  devi 
produced  by  equal 
increments  in  the 
force  of  the  curr-ni. 
when  the  deflection 
has  reached  this  ex- 
tent. By  introduc- 
ing into  the  same 
circuit  a  voltametei 
and  a  tangent  gal- 
vanometer, it  is  found  that  the  chemical  action  of  the  current  is 
proportional  to  its  magnetic  action.  The  galvanometer  is,  there- 
fore, a  measure  of  the  chemical  as  well  as  of  the  magnetic  action 
of  a  voltaic  current. 


THE   SINE   GALYANOMETEK. 


^53 


(  1  +  3 )  The  Bine  Galvanometer. — This  instrument,  shown  in 
1 91  j  consists  of  a  single  magnetized  needle  surrounded  with  a 
coil  which  is  moveable  on  its  axis  ;  it  acts  on  the  principle  that 
the  intensity  of  the  current  varies  as  the  sine  of  t/ie  angle  of  deflection, 
and  is  applicable  rather  to  the  determination  of  the  intensity  of 
itrong  currents  than  to  the  detection  of  weak  ones.  The  instru- 
ment is  placed  in  the  magnetic  meridian,  and  when  the  needle  is 
deflected  by  the  current,  the  coil  is  turned  until  it  again  coincides 
with  the  now  direction  of  the"  needle,  the  exact  parallelism  of  the 


Fig.  iQi. 


leedle  and  coil  being  determiued  with  the  aid  of  a  leus.  The 
number  of  degrees  which  it  was  necessary  to  turn  the  coil  from 
the  zero  point  to  adjust  it  to  the  new  position  of  the  needle  is  read 
ult'on  the  iriiuluated  scale  surrounding  the  coil.  This  is  the  exact 
measurement  of  the  angle  which  the  needle  forms  with  the  mag- 
netic meridian,  and  nlso  of  the  intensity  of  the  current,  by  which 
the  needle  has  been  deviated;  but  this  is  also  equal  to  the  hori~ 
zontal  force  of  terrestrial  magnetism,  in  virtue  of  which  the  needle 
tends  to  return  to  the  magnetic  meridian ;  and  this  being  equal  to  the 
sine  of  the  unyle  of  deflection,  the 

intensity    of    the    current    ie   of  Fig.  „jt, 

course  the  same,  and  its  value 
may  be  determined  by  reference 
to  a  table  of  natural  sines. 

For  the  detection  of  currents 
of  small  intensity,  such  as  those 
produced  by  thermo-electric  no- 
tion, neither  of  the  galvanometers 
above  described  is  adapted,  the 
length  i.jiil  thirfnesa  of  the  wiw 

opposing  too  great  a  degree  of  resistance  to  the  passage  of  such 
eble  currents.     The  wire  fur  such  purposes  should  make  hut 
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round  the  needle,  and  should  he  at  ]pa*t  T\  of  an  inch 

,  m  I  ■  -lin  r  recommends,  should  consist  of  a  single 

of  copper,  and  an  aatatio  needle  having  the  freest  possible 

d  i  rfiT.  192). 

I  (44  1    The   Differential   Galvitnometer. — Tlii-  :il   U 

u.-i  1  Rn  ihe  determination  of  the  telntire  force  of  two  currents.     It 
oonaiflti  of  agnlranometer,  with  two  perfectly  simile 
1,. iiinl  the  Mime  frame.     Now  if  two  currents  of  precisely  the  same 
itv  be  scut   in  opposite  directions  through  them  wires, 
Will  obviously  remain  at  zero;  but  if  one  current  be  1 
powerful  tlmn  the  other,  the   needle  will  move,  indicating  the 

: --t  current,  and  showing  by  the  amplitude  of  the  dehV 
by  how  imu'Ii  tlir  Btorangost  coo  da  the  weakest 

(  [45)    Thomson's   Reflecting    Galvanometer. — This    instru- 
ment is  shown  in  Fig.  193.     A  small  magnet  is  fixed  to  the 

Fig.  tf)\. 
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of  a  little  circular  glass  mirror,  which  weighs  with  the  magnet 
about  1  i  grain.  It  is  suspended  by  a  line  silk  thread,  in  a  frame 
which  slides  in  a  circular  bobbin*  This  bobbin  contains  a  coil  of 
short  and  thick  wire  for  thermo-electric  experiments,  or  of  lorn* 
thin  wire  for  chemical  currents.  The  layers  of  the  coil  are  very 
close  to  the  maguet,  consequently  in  the  position  of  greatest  effi- 
ciency. The  coil  has  a  small  Cylindrical  opening  in  the  centre 
not  longer  than  the  circular  mirror,  in  front  of  which  a  lens  is 
placed,  A  lamp  placed  on  a  separate  stand  with  a  slide  nnd  satin, 
throws  the  light  on  the  mirror,  which  reflects  the  rays  back  throi 
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le  lens,  and  this  concentrates  them  into  as  bttagd  of  the  flame  on 
the  scale  in  front  of  and  over  the  lamp.  The  reflected  image 
traverses  to  and  fro  on  the  scale  as  the  magnet  and  mirror  are 
deflected  to  the  right  and  left.  Owing  to  the  very  small  angular 
deflection  which  suffices  to  cause  the  spot  to  traverse  the  entire 
scale,  the  deflection*  of  this  epol  maj  ha  Utken  jl~  stootlv  pro- 
portional to  the  deflecting  current. 

At  the  top  of  the  box  which  encloses  the  coil  is  a  perpendicular 
)d,  on  which  at  right  angles  a  magnet  slides  up  and  down.  By 
means  of  a  tangent  and  Bcrew  arrangement,  this  magnet  can  be 
moved  very  slightly  in  a  horizontal  direction.  The  object  of  this 
magnet  is  to  counteract  the  influence  of  the  earth's  magnetism  on 
the  suspended  magnet.  By  lowering  or  raising  the  magnet  at  the 
top,  a  spot  can  be  found  where  the  influence  of  the  earth's  mag- 
netism is  neutralized,  and  the  suspended  needle  is  then  in  an 
astatic  state. 

(146)  Thomson's  Marine  Galvanometer. — This  instrument 
allows  galvanometric  measurements  which  can  be  made  on  land,  to 
be  repeated  at  sen.  The  small  magnet  and  mirror  are  strung  on  a 
strong  single  fibre  of  silk,  which  is  stretched  in  a  frame,  and 
secured  at  top  and  bottom.  The  silk  fibre  must  go  accurately 
through  the  centre  of  gravity,  so  that  when  the  frame  is  moved 
or  inclined  the  mirror  produces  no  change  by  the  action  of  gravi- 
tation, or,  in  other  words,  without  altering  the  relative  positions  of 
the  frame  and  the  image  on  the  scale.  The  effect  of  the  eartk/B 
magnetism  is  equally  neutralized — first,  by  a  very  stout  soft  iron 
box,  which  contains  the  coil  with  the  magnet  and  mirror ;  and 
secondly,  by  a  horseshoe  magnet  inside  the  iron  box,  the  directing 
power  of  which  is  much  stronger  than  that  of  the  earth. 

1  ialvanometric  observations  of  all  kinds  can  easily  be  made  with 
this  instrument  in  the  roughest  weather  at  seaj  neither  the  con- 
tinual alteration  of  the  ship's  course,  nor  the  motion  due  to  the 
waves,  have  any  effect  on  the  deflections.  The  instrument  can  be 
made  either  with  differential  coils  or  with  simple  coils,  to  be  used 
in  connection  with  Wheatstone's  balance,  or  it  will  indicate  the 
loss  by  direct  deflection.  It  may  also  be  used  as  a  receiving 
instrument  for  messages,  since  the  movements  of  the  spot  of 
light  can  be  as  readily  interpreted  aa  those  of  any  single  needle 
ri'f'iver. 

Ajar  will  not  derange  the  instrument  and  there  are  no  metal 
bearings  which  can  rust.  Its  practical  value  is  now  well  known, 
and  has  been  tested  by  several  years1  experience  in  the  hands  of 
rarious  electricians. 
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Discovery — Mutual  Actions  of  Magnets    and    Moveable  Conductor* — Of 
Parallel  Currents — Laws  of  Angular  Currents — Solenoids — Theories  of 

Magnetism  —  Faraday's  Investigations — Electro -magnetic  Rotations  — 
Electro-magnets — Electro-magnetic  Engines. 

(147)  Oersted's  Discovery. — The  grand  fundamental  fact  ob- 
served by  Oersted,  in  1819,  was,  that  when  a  magnetic  needle  is 
brought  near  the  connecting  medium  (whether  a  metallic  wire,  or 
charcoal,  or  even  saline  fluids)  of  a  closed  voltaic  circuit,  it  is  im- 
mediately deflected  from  its  position,  and  made  to  take  up  a  new 
one,  depending  on  the  relative  positions  of  the  needle  and  con- 
ductor. 

Iu  Fig.  194,  let  d  represent  a  copper  wire,  the  bent  ends  of  which  dip  into 
two  small  cups  c  c,  surmounting  two  wooden  pillars  a  a,  and  filled  with  mer- 

Fig.  194. 


cury ;  let  e  represent  a  magnetic  needle  finely  balanced  on  a  pointed  wire 
which  can  be  raised  or  depressed,  and  adjusted  either  above  or  below  d  by 
means  of  the  screw  c,  and  let  the  apparatus  be  arranged  with  the  wire 
in  the  line  of  the  magnetic  meridian. 

If  the  connecting  medium  be  placed  horizontally  over  the  needle,  that  pole 
of  the  latter  which  is  nearest  to  the  negative  end  of  the  battery  moves  toeit- 
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Ward;  if  it  be  placed  undfer  the  needle,  the  same  role  moves  east. 
necting  wire  be  placed  parallel  with  Ike  needle,  that  is,  brought  into  ihoMRBS 
horizontal  plane  in  with :li  1  lie  needle  is  moving,  then  no  notion  Oithe  needle 
in  that  plane,  takes  place;  but  a  tendency  fa  exhibited  in  it  to  ntuvu  in  a  ver- 
tical circle',  the  pole  nearest  the  negative  side  of  the  battery  bein^  doprc 
when  the  wire  is  ifcat  of  it,  and  elevated  when  it  id  placed  at  the  eastern  side. 

In  electro-ma  Lri  tic  K .-"(irches  it  is  necessary  to  bear  hi  mind 
these  affections  of  the  needle  and  conducting  wire.  Tbe  following 
to  the  memory  is  uaeful.  Let  a  person  suppose  himself  l>>  be 
■w  miming  in  ariver  egaiut  the  stream,  and  looking  down  upon  it: 
the  running  stream  being  the  conducting  wire,  the  north  pole 
moves  to  the  left  hand.  If  he  suppose  himself  to  be  swimming 
mi  bid  hack,  and  looking  upwards  on  the  current,  the  north  pole 
passes  to  his  right  hand. 

The  extent  of  the  de.cHiialion  of  the  needle  depends  entirely  on 
ili  ■  quantity  of  electricity  passing  alony  the  conductor  :  it  has  no- 
thing  to  do  with  its  tendon,  which  is.  probably  the  tattoo  that  the 
first  inquirers  failed  in  discovering  the  above  effects,  since  they  nil 
worked  with  statical  electricity. 

(j^S )  law  of  Electro-magnetic  Force. — "When  the  current  h 
rectilinear,  and  the  length  of  the  conducting  wire  considerable,  ->■ 
that  m  relation  to  that  of  the  needle  it  maybe  regarded  as  infinite, 
the  intensity  of  the  electro-magnetic  force  was  shown  by  Biot  and 
in  to  hr  '  in.  the  inmeree  ratio  to  tin-  simple  distance  of  the  maa- 
ndizfil  needle  from  the  current  j'  but  it  is  only  under  these  con- 
ditions that,  the  law  is  true,  for  it  has  been  shown  by  Laplace  that 
the  elementary  magnetic  force,  that  is,  the  elementary  action  of  a 
simple  section  of  the  current  upon  the  needle,  is,  like  all  other 
known  forces,  in  the  b> 


Fig.  195. 
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v  !•-<■  ratio  of  the  aatutre 
of  the  distance,  and  propor- 
I  to  the  sine  cf  the 
formed  by  the  direc- 
tion of  the  current,  and 
by  the  line  drawn  through 
the  centre  of  the  sectii 
the  centre  of  the  needle. 
In  fact,  by  calculating, 
according  to  this  principle, 
the  sum  of  all  the  ele- 
mentary actions  that  ore 
exercised  on  a  small  needle 

liv  an  indefinite  rectilinear  current,  it  is  found  thai  the  into 
of  this  resultant  should  be,  as  experiment  proves  it  really  i-,  in 
thr  inverse  simple  ratio  of  the  distance. 
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From  the  siiinc  law  of  the  elementary  force  it  follows  that  tin- 
intensity  of  the  notion  of  an    indefinite    angular    current,   a 
I  Ml".  i95)fon  i"  --mull  nwdls,  d  e,  is  in  the  inverw  ratio  of  Chi 
tauce,  h  dt  like  thrtt  of  the  rectangular  current,  but  it  is 
jiiMjiMrtional  to  the  tangent  of  half  Oxt  Ulgtej  a  bf. 

{149)   Action  of  a  Fixed  Magnet  on  a  Moveable  Conduct- 
ing- Wire. — The  apparatus  shown  in  Fig.  196   was  contrived  by 


Ampere   to  demonstrate  the  reaction  of  the  magnetic  poleo  Oil  tin- 
electric  current : — 

Two  metallic  uprights,  u  b,  provided  at  their  lower  extremities  with  ca.ni 
to  hold  mercury,  are  fixed  on  11  base-  hoard  c;  from  the  tops  of 
ties)  rods  proceed  long  horizontal  arm?,  carrying  at  their  ends  braes  mei - 
cury  cups.  The  moveable  conductor  consist*  of  a  rectangular  copper  wire. 
iU  two  extremities  being  brought  back  near  ench  other,  so  that  their  point* 
may  dip  into  the  mercury  capsule*,  d  e:  one  of  the  poles  of  the  voltniV 
battery  is  made  to  communicate  with  the  lower  extremity  of  one  of  the 
fixed  conductors,  and  the  other  with  the  corresponding  extremity  <  ; 
second  pillnr. 

Supposing  the  connections  to  be  made  in  the  manner  indicated  in  the 
figure,  then  the  current  will  circulate  through  the  system  in  the  direction 
pointed  out  by  the  arrows ;  and  on  placing  a  magnetized  bar  below  and  very 
near  to  the  lower  part  of  the  wire,  the  latter  immediately  moves  and  sell 
itself  transversely  to  the  magnet.  On  altering  the  direction  of  the  carrent, 
or  on  turning  the  fixed  mngnet  round,  the  wire  again  moves  and  tlescril'O- 
an  angle  of  1S00,  in  order  to  take  up  a  position  the  reverse  of  that  which  it 
previously  occupied,  and  which  is  in  strict  accordance  with  Ampere's  formula 
iu  the  Bate  of  11  tise:l  current  and  moveable  magnet, 

Tf  the  diameter  of  the  rectangular  wire  be  considerable  (from 
18  inches  to  a  feet),  and  if  it  be  traversed  by  a  powerful  voltaic 
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current,  it  is  acted  upon  sensibly  by  terrestrial  mag-neji.am,  an<l  sets 
itself  Inujaveraely  or  perpendicularly  to  tlie  magnetic  meridian^ 
the  earth,  acting1  like  a  magnet  whose  N.  po3e  would  be  on  the 

.nil  whose  S.  jx)le  "would  be  on  the  N.  side  of  the  earth. 
This  phenomenon  in,  however,  better  i-xhihited  by  an  Ingetli- 
oae  little  apparatus  contrived  by  De  la  Rive,  and  shown  in 

197:— 

The  conducting  wire  is  made  into  a  ring,  consisting  of  several  coils,  well 
iii-.i.i!.ui id,  1  i-i-iii/_*  wrapped  round  with  aUlc]  mm  awl  of  Mi>  win  b  toMand 
to  a  zinc  plate,  aril  the  other  to  a  cupper  plate,  llie  latter  enveloping  the 
former.  The  little  voltaic  buttery  thus  fatmftd  hi  JJMeti  in  a  small  cylin- 
drical glass  vessel,  which  can  be  floated  in  water  by  a  cork  attached  to  its 
upper  end.  Dilute  sulphuric  acid  is  poured  into  the  cylinder,  and  it  is  tlieti 
placed  in  a  basin  of  water.     By  the  current  of  electricity  which  is  doter- 


Hff,  107, 


Fiff-  199- 
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1  round  the  coil,  magnetic  properties  are  conferred  upon  it;  it  manifests 
a  tendency  to  take  a  position  in  the  plane  nf  the  magnetic  meridian,  and  it 
exhibits  ail  the  affects  of  attraction  and  repulsion  described*above,  when  a 
strong  bar-magnet  is  brought  near  it  on  either  side.  The  motions  of  this 
tloaiing  coil  are  less  impeded  by  setting  it  afloat  in  fl  tittle  varnished 
wooden  dish,  as  shown  in  Fig.  198.  On  pouring  dilute  sulphuric  acid  into 
the  little  bowl,  the  coil  I  imn «  surprisingly  sensible  to  the  influence  of 
a  magnet,  and  will  be  attracted  and  repelled  ut  the  distance  of  several 
inclies. 

Or, 

The  wire  may  bfl  beat  into  a  spiral  (Fig.  199),  ami  BOSpendad  in  such  ■ 
manner  U  Lu  allow  it  free  horizontal  motion;  on  passing  the  voltaic  current 
through  it,  the  plane  of  the  spiral  will  arrange  itself  F,  and  W. ;  the 
positive  current  ascending  on  the  W.  side  and  descending  on  the  E.,  taking 
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the  same  course  .is  the  liuiids  of  a  watch  when  it  13  lielt.1  on  edge,  with  the 
pUn«  of  the  ilftl  lying  E.  tod  W,  lacing  9.    The  aide  of  the  spiral  which  is 
nil  the  N.  acts  iw  a  N,  pole,  and  the  8,  side  hss  an  opposite  polarity. 
Each  side  powerfully  attracts  iron  filings. 

fijo)   Mutual    Action   of  Parallel  Electrical    Currents. — 
When  two  metallic  wires  are  traversed  simultaneously  by  an  elec- 

Fig.  loo. 


current,  the  wires  are  either  attracted  towards,  or  repelled 
each  other,  according  to  the  relative  directions  of  the  two 

currents.  When  the_i 
in      the     same    dir 
through  the    wires,    there 
is  mutual  attraction ;  whan 
tlit-y     move    in    ;i   COntarant 
direction,  there   is  1uutu.1l 
repulsion   set  up  bel 
the  conductors.  These  phe- 
nomena were  discovered  by 
Ampere,  to  whom  is  also 
due    the  development    of 
the     mathematical     laws 
which  govern  them, 
may  he  experimentally  il- 
lustrated by  the  little  ap- 
paratus shown  in  Fi^r*.  100 
toi.     The   p M-itiv"   electrode  of  a  battery  of  5  or  6  puirs   is 
to  1  wrumunicate  with  the  left-hand  pillar  (Fig.aooj  through 
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the  mercury  cup  a ;  the  voltaic  current  ascends  this  pillar,  and 
enters>  the  moveable  rectangular  copper  wire  through  the  mercury 
cup  b,  leaves  it  through  the  cup  c,  and  ascending  the  right-hand 
column  completes  the  circuit  through  a  wire  communicating  with 
the  negative  electrode.  By  observing  the  direction  of  the  arrow- 
heads, it  will  be  seen  that  the  voltaic  current  is  moving  in  dif- 
ferent directions  through  the  fixed  pillars,  and  through  those  por- 
tions of  the  moveable  conductor  adjacent  to  them ;  the  rectangle 
is  therefore  repelled,  in  accordance  with  Ampere's  law ;  but  by 
arranging  the  wire  as  shown  in  Fig.-  201,  the  current  is  caused  to 
move  in  the  same  direction  through  the  pillars  and  the  adjacent 
parts  of  the  moveable  conductor,  and  attraction  consequently 
results. 

(151)  Iiuwi  of  Angular  Currents. — Let  a  b  and  c  d  (Fig.  202) 
be  two  currents  crossing  at  the  point  r ;  there  will  be  attraction 

Fijf.  tat. 


between  the  parts  a  r  and  c  r,  because  the  currents  are  both  con- 
verging towards  r,  and  also  between  b  r  and  d  r,  because  they  are 
both  diverging  from  that  point ;  but  there  will  be  repulsion  be- 
tween a  r  and  r  d,  and  also  between  c  r  and  r  b,  because,  while  a  r 
and  c  r  are  approaching  the  point  r,  r  b  and  r  d  are  receding  from 
it.     From  this  it  follows  that  an  angular  current,  ab  c  (Fig.  203), 

Fig.  2oj. 


tends  to  become  straight ;  the  parts  a  b  and  b  c  exercising  a  mutual 
repulsion,  which  not  only  tends  to  bend  back  6  c  into  a  prolonga- 
tion of  a  b,  but  which  is  still  exercised  when  this  condition  is  ful- 
filled ;  in  other  words,  the  contiguous  portions  of  the  same  rectiliwx.a.x 
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Mil  rrjirl  eiwh  other.  This  important  eonseqnenee  of  his  1  i 
whs  demonstrated  by  Ampere  by  the  following  experiment: — 
A  hollow  cat  out  of  a  block  of*  wood  (Fig,  204)  is  divided  into  two  com- 
partments by  the  non-conduct- 
tag  division   (i   b-    a   iilk-co- 
vered    copper  wire   is  so  bent 
that   in  ouch  compartment  it 
shall     present      a      horizontal 
hranch  parallel  to  the  division. 
These   branches  or   arms  are 
covered  with  wax,   except  at 
their  extreme  ends,  when  they 
are  bent  to  as  to  touch  tl 
eury.   On  paising  a  strong  cnrrent  through  the  wire  it  immediately  recedes, 
showing  an  apparent  repulsion   between  the  current  passing  through  the 
B*y  and  that  traversing  the  wire. 

(15a)  Sinaoui  Currents:    Solenoid*. — If  a  current,  instend 

Atoning  ft  pectiHnear  course,  deviate  alternately  to  the  right 

and  to  the  left,  its  action  is  the  same  with  that  of  a  recti  line 

current  of  the  sume  extension.     The  combination  of  a  rectilinear 

with  11  pinnons  current  \~  called  ,1  solt-noi)!.  It  is  ■  system  of  <ii'~ 
cular  currents,  equal  and  parallel,  formed  by  twisting  a  silk- 
covered  copper  wire,  corkscrew-fashion,  back  upon  itself;  b] 
make  it  perfect,  the  straight  pnrt  of  the  -wire  imi-i  be  us  exactly 
as  possible  in  the  centre  of  the  helix.  Thus  Arranged,  when  the 
circuit  ia  traversed  by  a  current,  the  action  of  the  solenoid  in  the 
direction  of  ita  length  a  b  (Fig-  205)  is  destroyed  by  that  of  the 
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rectilinear  current  B  c;  and  the  only  effect  produced  in  flue  to  the 
-v-Ii-hl  of  liniilur  currents,  equal  and  parallel,  moving  in  a  direc- 
liun  perpendicular  to  it^  axis.  Now,  as  the  action  of  fixed  currents 
on  moveable  ones  is  to  bring  them  into  a  position  parallel  to  them- 
•  ■  1  ■,  bs,  with  their  currents  moving  in  the  same  direction,  a  solenoid 
freely  suspended  on  a  vertical  axis  should,  when  acted  on  by  B 
rectilinear  current,  range  itself  with  its  circles  parallel  to  that  cur- 
1  111.  It  is  accordingly  found  that  on  passing  a  strong  voltnic 
current  through  a  solenoid  suspended  from  two  mercury  OUpfl  (,i> 
shown  in  I-'ig.  106),  so  as  to  allow  it  perfect  freedom  of  motion 
round  11  vertical  uvts,  Biid  passing  at  the  same  time  underneath 
1111I  parallel  to  ita  axia,  a  rectilinear  current,  the  solenoid  turns 
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elf  acroBs  that  current,  taking-  up  a  position  with  it*  circles 
parallel  to  it. 

Fig.  iofi. 


WWM 


id  of  piissiny   1  li>    rectilinear  current  hvrizon&aBu  under- 
solenoid,  it  be  passed  vertically  and  near  one  end,  the 
Utter  is  either  attracted   or  re- 

7.  pelled,  according  as  t  lie?  currents         Fig.  108. 

are  passing  in  the  same  or  in 
opposite  direction*  through  the 
wire,  and  through  the  contiguous 
parts  nf  the  solenoid.  Two  .sole- 
noids exhibit  towards  each  other 
ilir  ph<  imiriena  of  attraction  and 
n- pulsion  in  a  manner  precisely 
-initlar  to  two  magnets,  and  a 
solenoid  is  influenced  by  a  mag- 
netic bar  precisely  as  another 
unignet  would  be.  In  short,  11 
noid  DM  all  the  properties  of 
a  magnet,  and  when  suspended 
3  in  Fig,  106),  and  traversed  by 
I  strong  electric  current,  it  will 
range  itself  with  its  axis  parallel 
to  the  axis  of  the  declination 
needle.  If  the  helix  be  dextrot 
itscoils  moving  upwards  (ram  left 
to  right  (Fig.  207),  the  S.  pole  |1*» 

will  be  at  the  end  at  which  the 
ut  enters  ;  if  the  helix  be  suiixlntrmtl,  its  cutis  moving  upwards 
Prom  right  to  left  (Fig,  208 ),  the  X.  pole  nil]  be  at  the  end  at 

current  enters. 
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A  j-'ood  illustration  of  the  mutual,  attractions  of  conducting  wires 
carrying  voltaic  currents  moving  in  ill-'  name  direction,  is  aitbnud 
by  Rogel  ^  spiral  <Fig.  209).     The  helix  is  held  cither  by  R  screw, 

or  by  a  fine  wire  immediat&ty 
over  a  cup  of  mercury,  into 
which  its  opposite  end  jual 
dips.  On  passing  the  currenl 
down  the  wire.  being 

all  traversed  in  the 
rectum,  mutually  attrael 

tli>     .  ntiiv    spiral    is 
herein     shortened,     and    the 
lower  end  leaves  the?  mercury  ; 
contact   wiili   the   battery    U 
thus  broken,    The  spiral  re- 
sumes its  farmer  length,  and 
the    •  in!    again    touches  the 
mercury,  but  this  causes  a  re- 
-»        establishment  of  the  currenl 
fcfj       and    a  re-shortening   of  the 
SlP^C       spiral;    in    this    way  n    rapid 
series  of  horizontal  ribii 

is  produced. 
(153)     T&eorles   of  Magnetism  s    OZpixm«,   Coulomb, — The 
national  theory  thai  was  devised  to  account  for  the  phenomena 
of  magnetism  was  that  of  (Epinus  (1759),  who  applied  the  1 

trical  theory  of  Franklin  with  great  ingenuity.     This  theory  in- 
cludes the  four  following  propositions: — 

1.  la  nil  magnetic  bodi<-a  there  exists  a  substance  which  may  be  called 
•  the  magnetic  tluid,  whose  particles  repel  each  other  with  a  force  inversely  :i.s 

the  distance. 

2.  Tl  l«  particlea  of  this  fluid  attract  the  particles  of  iron,  and  are  atir.. 
bv  thi  in  in  return  with  a  similar  force. 

3.  The  particles  of  iron  repel  each  other  according  to  tbe  same  law. 

+.  The  magnetic  fluid  moves  through  the  pores  of  iron  and  soft  steel  with 
very  little  obstruction  ;  but  its  motion  is  more  and  more  obstructed  as  1I1 
-reel  increases  in  hardness  and  temper,  and  it  moves  with  tbe  greatest  difit- 
li'.i y  m  hiird-teiupered  steel  and  ores  of  iron. 

The  laws  of  attraction  and  repulsion  find  a  satisfactory  exphina- 
lion  on  this  hypothesis,  but  it  fails  when  applied  to  the  oonae- 
queacee  which  Follow  on  tbe  division  of  a  magnetic  bur;  each 
piece'  should  have  a  different  and  distinct  polarity,  whereas  it  is 
well  known  that  each  fragment  is  a  bi -polar  magnet.  CEpinus 
endeavoured  to  overcome  c  1 1  i  —  difficulty  l>v  suppns'inp-  that  during 
the  act  of  fracture,  the  balance  of  magnetic  forei   was  disturbed. 
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tbal  B  portion  of  the  fluid  escaped  from  the  overcharged  i 
while  another  portion  entered  into  that  which  was  undercharged. 

The  theory  of  two  magnetic  fluids  was  advocated  by  Coulomb. 
A  magnet  was  considered  s.s  composed  of  minute  invisible  particles 
of  iron,  each  of  which  has  individually  the  properties  of  a  magnet. 
It  was  assumed  that  there  are  two  distinct  fluids,  the  austral  and 
':' ;  and  under  the  influence  of  either  in  a  free  stale,  the  bar 
would  point  to  the  N.  or.  S.  poles  of  the  earth,  according  to  circum- 
stances. It  was  supposed  to  be  within  these  small  particles  or 
metallic  elements  that  the  displacement  or  separation  of  the  two 
attractive  powers  takes  place,  and  that  the  particles  may  be  the 
ultimate  atoms  of  iron. 

A  magnetic:  bar  may,  according  to  this  theory,  be  represented 
(Kg.  uci   aa  composed  of  minute  portions,  the  right-hand  ex- 
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tvemities  of  each  nf  which  pomen  one  species  of  magnetism, 
and  the  left-hand  extremities  the  other.  The  shaded  ends  l 
supposed  to  possess  boreal  and  the  light  ends  an.it  ml  magnetism, 
then  the  end-,  of  die  bar  itself,  of  which  these  sides  of  the  elemen- 
ts rv  mngnet  form  the  faces,  possess  respectively  boreal  and  austral 
magnetism,  and  are  the  boreal  and  austral  poles  of  the  mngiKt. 

In  ordinary  iron  these  fluids  exist  in  a  combined  state,  and  are 
therefore  perfectly  latent,  the  metal  appearing  to  be  destitute  of 
magnetism.  They  exist  in  certain  proportions  united  to  each 
molecule  or  atom  of  the  metal,  from  which  they  can  never  be 
disunited  ;  the  only,  change  which  they  are  capable  of  undergoing 
being  their  decomposition  into  the  separate  fluids,  one  of  video, 
iu  b  permanent  magnet,  is  always  collected  on  one,  and  the  other 
on  the  opposite  side  of  each  molecule. 

( 1 54)  Ampere's  Electro- dynamic  Theory. — Each  particle  or 
■  tic  element  is  regarded  as  constituting  a  voltaic  circuit,  and 
ft  magnet  is  composed  of  nn  assemblage  of  parallel  filaments,  each 
■  liich  is  made  up  of  a  series  of  particles  round  which  electric 
currents  are  circulating,  in  the  same  direction  with  reference  to 
the  axis  of  the  filament,  and  moving  in  planes  perpendicular  to 
lkat  1 ■ 

In  11  bar  of  unmagnetized  iron  the  electricity  a  supposed  to  be  in 
a  latent  state.     In  a  magnetised  bar  tlint  extremity  of  the  ma^r- 
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mile  filament  ia  which,  when  uppennnnt,  the  current  is  movi' 
the  eanie  di  recti  cm  as  the  hands  of  a  watch,  has  the  properties  of  a 
S.  pule,  and  vive  w*d. 

It    the    filament  h«  placed  horizontally  (Fife.  211),  its  N.  pole 
pointing  1.0  tin?  N.  and  its  S.  pole  to  the  S.,  th^  electric  mm 
liniduti-  00  the  upper  aide,  from  W.  to  E,,  uud  downward*  on  the 
eastern  side  ;  on  the  under  side  from  E.  to  W..  and  upwards  on  Bke 
western  side. 

Fig.  ill. 


The  mutual  repulsion  of  two  magnetic  poles  of  the  same  name, 
sl)i<  1  the  attraction  of  two  dissimilar  poles,  are  simple  e miM-ipi.- 
of  I  his  theory.     It  has  heen  shown  that  there  ia  a  repulsive  action 
set  up  hetween  two  wires  along  which  electrical  currents  a 
in  opposite  directions,  hut  that  when    the  currents  move  in 
same  direction  along  each  wire  attraction  results. 

Now  it  ia  easy  to  see,  that  when  two  similar  magnetic  poles  are 
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brought  near  each  other  (Tig.  212},  the  hypothetical  currents  are 
moving  in  (<>ntrary  directions  at  the  aides  contiguous  to  each  ol 
and  that  when  two  dissimilar  poles  are  approximated  (Fig.  413) 
the  currents  are  flowing  in  the  same  direction — lieuee  repulsion  in 
the  former  case,  and  attraction  in  the  latter. 

It  follows  also,  as  a  consequence  of  this 
mutual  action  of  currents,  that,  viewing  a 
l  us  an  assemblage  of  filaments  round 
-  ,  1 .  - 1 1  1  if  which  electrical  currents  are  cir- 
culating, the  resultant,  action  of  the  magnet 
can  only  be  exerted  externally  :  for  let  Fig. 
%  14.  represent  the  section  of  a  cylindrical 
magnetic  bar,  and  the  small  included  cir- 
cles some  of  its  filamentary  element* 
cuiTents  moving  round  the  contiguous  rides 
of  any  two  of  these  circles,  being  opposed  in  direction,  neutralise 
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each  other;  while  the  currents  that  pass  near  the  eboomfennce 
are  not  bo  compensated  by  others,  and  their  action  is  therefore 
fully  exerted  on  external  bodies. 

Again]  the  tendency  of  a  magnet  and  conducting-  wire  to  place 
themselves  at  right  angles  to  each  other  is  referred  by  this 
theory  to  the  trnnsvor.se  movements  of  the  electric  currents  in 
the   magnet,  which  act  upon  the  current  in  the  conductor,,  and 

also  acted  upon  by  that 
current.     Thint  let  s  x  (Tig.  Fig.  n,-. 

115)  represent  a  magnet,  and 

pr  a  wire  conveying  a  ciir- 
;ufc  of  electricity  ;  the  arrow- 
heads show  the  direction  in 
which  the  canasta  are  mov- 
ing round  the  magnet,  viz.,  in 
planes  perpendicular  to  its 
the  wire  1  >■  tends  to 
range  iteelf,  therefore,  transversely  to  the  axis  of  the  bar,  in  order 
that  the  current  moving  along  it  should  be  parallel  to  that  of 
the  current  in  the  nearest  part  of  the  magnet. 

Further,  the  theory  happily  explain*  the  induction  of  an  oppo- 
site polarity  in  the  adjacent  end  of  a  piece  of  soft  iron  by  a  mag- 
netic pole. 

Thus  let  A  B  (Fig.  2.16)  be  the  magnet,  and  0  o  the  bar  of  iron  ; 


//   /  /  J 
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the  former  has  a  tendency  to  excite  in  the  Latter  a  current  of  elec- 
tricity riiculiiiiiiLT  in  tho  same  direction  as  the  currents  moving 
sund  its  own  tilainenls ;  but  it  is  evident  that  if  the  current  at  the 
end  of  u  revolves,  as  seen  by  »  Bpecta&Qr  looking  at  that  end  from 
right  to  Left,  the  current  induced  at  the  end  of  the  iron  bar  (c)  re- 
volving in  the  same  direction  in  space,  will  appear  to  the  spectator 
looking  at  that  end  to  move  from  left  to  right;  and  ns  the  pnhirity 
depends  upon  the  direction  of  the  current  with  respect  to  the  axis 
at  the  extremity,  the  polarity  of  B  will  he  the  reverse  of  that  at  o, 
and  the  same  as  that  of  n,  but  the  polarities  of  c  and  k  will  !«■  the 
same.     Precisely  the  same  eonaequenoea  must  follow  upon  the 
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fracture  of  a  magnetic  Mr;  each  piece  becomes  a  perfect  nw- 
the  polarities  of  the  fractured  ends  being  opposed  1o  each  other. 
This  theory,  which  is  sustained  by  the  highest  mathems 

tion,  furnishes  a  satisfactory  explanation  of  all  the  mutual 
actions  of  magnets  and  electric  currents,  and  of  magnetic  and 
electro-magnetic  phenomena  in  general.  As  laid  down  by  Am- 
pere, however,  it  fails  to  account  for  diama< gnetio  actions.  To 
render  it  at  all  consistent  with  these,  it  has  been  assumed  that 
electric  and  magnetic  forces  might,  in  diamagnetic  matter,  i: 
current-  of  electricity  in  the  direction  ■  rse  to  those  in  mac- 

•  matter,  or  else  might  induce  curl' His  wheri  there 

were  none  ;  whereas  in  magnetic  cases,  it  was  supposed  that  tbey 
only  constrained  particle  currents  to  nssume  a  particular  direction, 
wlii.li  before  were  in  all  directions.  Others,  amongst  whom  is 
Weber,  Lav.'  iiiudeau  addition  to  die  hypothetical  views  of  Ampere 
— viz...  that  there  is  electricity  among  the  particles  of  matter  which 
is  not  thrown  into  tin-  form  of  a  current  until  the  magnetic  induc- 
tion comes  upon  it,  but  which  then  assumes  the  character  of  a 
current,  having  a  direction  contrary  to  that  of  the  currents  which 
Ampere  supposed  to  he  always  circulating  round  magnetic  ma 
and  so  those  other  matters  are  rendered  diamagnelie. 

A  striking  experimental  distinction  between  a  magnet  and  a 
helix,  through  which  a  current  of  electricity  is  circulating,  has  been 
pointed  out  by  Faraday  {Ex:  Hesear.,  3,275),  viz. : — 

*  Whereas  an  unchangeable  magnet  can  never  raise  up  a  piece  of  soft  iron 
to  a  state  more  than  equal  to  its  own,  a  helix  can  develope  in  an  irou  core 
magnetic  lines  of  force  of  a  hundred  or  more  times  as  much  power  as  that 
possessed  by  Itself  when  measured  by  '"e  same  means,' 

De  la  Rive  (Notices  of  the  Meetings  of  the  Royal  Irtetitvtw*, 

vol.  i.  p.  458)  suggests  that  the  views  of  both  Ampere  and  Weber 
may  be  maintained,  by  supposing  that  all  atoms  of  matter  are 
endowed  v.-iih  electrical  currents  of  a  like  Kind,  which  move  about 
them  for  ever,  without  diminution  of  their  force  or  velocity,  being 
essentially  part  of  their  nature.  The  direction  of  these  currents 
for  each  atom  is  through  one  deter  in  in  ate  diameter,  and  may  there- 
fore be  considered  as  the  axis.  When  tliey  emerge  from  the  body 
of  the  atom  they  divide  in  all  directions,  and  running  over  every 
part  of  the  surface,  converge  towards  the  opposite  end  of  the  axis 
diameter,  and  therefore  re-enter  the  atom  to  run  for  ever  thr 
the  same  course.  The  converging  and  diverging  points  are,  as  it 
were,  poles  of  force. 

Where  the  atoms  of  matter  are  close  or  numerous  in  a  given 
space,  the  hypothesis  then  admits  that  several  atoms  may  conjoin 
into  a  ring,  so  that  their  central  or  axial  currents  may  rm 
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into  the  other,  and  not  return,  u  ln-fore,  over  the  surface  of  each 
item.     These  Form  the  mohaulu  of  magnetic  matter t  and  rep» 

hypothesis  of  molecular  currents.  When  the  atoms, 
ling  fewer  in  a  given  space,  are  farther  apart,  or  where,  being 
good  conductors,  the  current  runs  as  freeli  sv$z  the  surfnee  as 
through  the  axis,  then  they  do  not  form  like  groups  to  the  mole- 
oules  of  magnetic  matter,  but  are  still  considered  subject  to  a 
-peciea  of  induction  by  the  action  of  external  magnets  and  currents, 
and  so  give  rise  to  Weber's  reverse  currents. 

(155)  Faraday's    investigations — To  test  and  measure  the 
magnetic  force.-,  Faradaj    am ployed  the  induced  magneto-electric 
current.     The  amount  of  current  induced  he  found  to  be  pre- 
oiaely  proportionate    to   the  amount  of  lines  of  magnetic  force 
(65,  4),  intersected  by  a  mov- 
ing wire,  in  which  the  ftlec- 
r i  1  ■  current  is  generated  and 
appeara    Thus  on  introducing 
a  bur-magnet    into  the  loop 
(Pig.  417),    and    leaving     it 
there,  a  deflection  of  8°  was 
bautly    produced    at    the 
galvanonwter ;    two  introduc- 
tions    (the     electric    current 
being  broken  by  removing  one 
other  of  the   terminals  of 
le  loop  from  the  mercury  cup  of  the  galvanometer  previous  to 
amoving  the  magnet)  produced  a   deflection  of  157s0;   three, 
' ;  and  four,  31 -66°. 

The  magnetic  forces  are  distributed  in  and  round  a  bnr-magnet 

the  simplest  and  most  regular  manner,  so  that  any  wire  or  line 
proceeding  from  a  point  in  the  magnetic  equator  of  the  bar,  so  as 
'.I  pass  through  the  magnetic  axis  to  a  point  on  the  opposite  side 
of  the  magnetic  equator,  must  intersect  all  the  lines  in  the  plane 
through  which  it  passes  ;  and  a  wire  proceeding  from  the  end  of  a 
magnet  at  the  magnetic  axis  to  a  point  in  the  magnetic  equator, 
must  intersect  curves  equal  to  half  those  of  a  great  plane,  however 
small  or  great  the  length  of  the  wire  may  be.  But  a  wire  from 
to  pole,  passing  close  to  the  equator,  has  no  electric  current 
induced  in  it  when  revolved  round  the  magnet,  because  it  inter- 
sects half  of  the  external  lines  of  force  in  a  great  plane  twice  in 
opposite  direction*. 

When  wires  of  different  metals  are  moved  across  the  lim 
force  of  a  magnet,  the  currents  induced  in  these  different  bodies  are 

jportional  to  their  electro-conducting  power.     Thus  loops  of— 
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By   the    term    '  uutunrti'-   poltir ,></,'     I  "am day    mideratsodfi 

opposite  and  aiitithciirrti  ictioiu  which  we  manifested  at  the  opj 

site  ends  of  a  portion)  of  a  line  of  magnetic  force.'     But.  1 1 
be  correctly  exhibited  in  every  case  by  attractions  or  repul- 
which  are  affected  by  circumstances.     In  a  field  of  equal  mag 
force  a  magnetic  needle  can  show  no  polarity,  aa  the  Tery  fail   t& 
pointing  implies  the  disturbance  of  the  equality  of  arrangement  of 
fi» ■!>.     A  wire,  however,  moving  across  the  lino  of  force  shows 
I  In-  full  nmount  of  magnetic  power  without  in  the  least  disturbil 
1 1n-  disposition  of  the  power. 

To  these  lines  of  magnetic  force  Faraday  assigns  a  trtte  physical 
character.  They  are  essentially  dual  in  their  nature,  the  Uvo 
opposite  magnetic  forces  being  mutually  related:  and  as  in  > 
electrical  induction,  one  electricity  cannot  exist  without  n  relation 
to  equality  with,  or  dependence  on,  the  other,  so  in  magnetism  an 
absolute  charge  of  N.  or  8.  polarity  is  also  an  impossibility.  In  " 
bar-magnet  the  outer  forces  nt  the  poles  are  related  to  each  by 
curved  lines  through  space,  and  although  by  approaching  B  second 
magnet  the  disposition  of  those  second  lines  may  be  changed,  yet 
their  sum  remains  unaltered.  That  the  lines  of  force  are  cL 
curves  passing  in  one  part  of  their  course  through  the  magnet, 
and  in  the  other  part  through  the  space  around  it.  is  proved  hy  the 
moving  wire;  and  this  fnct  is  considered  by  Faraday  as  implying 
that  such  lines  have  a  physical  existence. 

(156)  Analogry  between  the  Electric  and  Magnetic  Forces. 
-Ah  far  as  regards  the  disposition  of  the  external  lines  of  force, 
the  analogy  between  a  magnet  and  an  insulated  voltaic  battery  is 
perfect;  but.  in  the  battery  the  lines  of  force  are  not  continued 
naHy,  ns  is  the  case  with  a  magnet  ;  consequently,  on  separat- 
ing the  battery  in  the  middle  no  charge  appears  there,  nor  any 
origin  of  new  lines  of  inductive  force,  but  the  two  divided  portions 
remain  in  opposite  states,  nr  absolutely  charged  ;  iu  the  magnet, 
on  the  other  hand,  there  is  ou  division  a  development  of  Dew 
external  lines  of  force,  and  no  absolute  charge  of  northness  or 
gonthnese,  because  the  lines  of  force  are  continuous  through  the 
body  of  the  magnet. 

It  has  been  shown  by  Ampere  and  Davy  that  an  electric  current 
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!i«  n  tendency  to  elongate  it  sett,  l>ut  a  magnetic  'axis  01  power 
a  tendency  to  aforfau  itself ;  again,  W.v  electric  currents  attract 
each  other,  but  like  magnetic  lines  of  force  exercise  mutual  repul- 
sion. Xnw  these  tendencies  seem  at  first  not  analogies  but  con- 
trasts, hut  they  coincide  when  it  ia  nonaiderecl  that  the  two  axes  uf 
power  in  i'  at  right  angles  to  each  other,  and  viewed  in  this  way 
the  probable  oneness  of  condition  of  the  electric  and  magnetic  forms 
of  power  appears  in  abundant  instances.  Thus,  unlike  magnetic 
lines  when  end  mi,  as  when  similar  poles  are  (toe  DO  lave,  rr/u>t; 
Mlike  electric  currents,  when  in  the  humc  relation.  tr/wt  also ;  ///-<■ 
magnetic  forces,  when  end  on,  coalesce-,  like  electric  forces  do  the 
same . :  Kke  electric  currents,  end  to  end,  do  not  add  to  their  sums  ; 
the  quantity  of  electricity  circulating  in  a  battery  is  not  increased 
by  adding  to  the  number  of  the  plates  ;  and  like  magnetic  lines  of 
faree  do  not  increase  each  other;  lastly,  like  currents  side  by  side 
|  ii  voltaic  battery  with  large  plates  compared  with  one  with  small 

- 1  add  their  quantities  together,  and  like  magnetic  forces  do 
e  same. 
(157)  Places  of  no  Magnetic  Action. — Faraday  arranged  six 

ro-magueta,  so  that  their  like  poles  were  together  in  such  a 
manner  as  to  include  a  cubical  chamber  (Fig,  zi8);  in  this  chain  - 
|  ..-I  he  hung  a  small  magnetic  needle, 
but  neither  it,  nor  a  crystal  of  bis- 
muth, gave  any  indications  of  inng- 
power;  iron  filings  sprinkled 
on  a  card  were  introduced,  but  they 
were  not  affected  at  the  middle  part, 
hut  only  near  the  partly  open  angles. 
A  ring  helix  of  many  convolutions 
was  likewise  rotated  in  this  chamber, 
but  no  inductive  current  was  mani- 
fested by  a  delicate  galvanometer 
with  which  it  was  connected.     The 

BubioaJ  apace  included  by  (hese  similar  poles  was,  therefore,  per- 
fectly destitute  of  magnetic  properties,  though  surrounded  by  a  high 
intensity  of  magnetic  power ;  its  condition  was  analogous  to  that  1  it" 
pace  presented  within  a  metallic  globe  or  cylinder  charged 
with  electricity;  and  as  in  this  case  there  is  no  electricity  within  the 
globe  or  cylinder,  because  that  necessary  connection  and  dependence 
of  the  electric  duaU  which  is  essential  to  their  nature  cannot  be,  so 
in  the  case  of  the  magnet,  there  is  no  appearance  of  magnetic  force 
in  the  cubical  chamber,  because  the  duals  are  not  both  there  at 

.  and  one  cannot  be  present  without  the  other.    A  bar-ma^ici , 
according  to  Faraday's  view,  is  a  source  of  dual  power;  its  dualities 
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being  especially  related  to  each  other,  and  incnj  Uting  but 

by  that  relation,  which  externally  i*  through  the  space  around  1  lie 
magnet,  and  txauriate,  of  closed  curv<  1  of  magnetic  force.    That  the 
space  is  not  magnetically  dork  i-  provi  1  by  the  fact,  thai,  nh 
is  occupied  by  bodies  such  as  copper,  mercury,  &c,  they  produce 
iniiLrii.  lo-.l.  ririe  currents  when  moved.      The  same  magnet  can 
hold  different  charges,  as  the  medium  connecting  its  poles  varies  : 
and  ao,   one  fully  charged   with  a  good  medium   (such  as  iron) 
between  its  poles,  falls  in  power  where  the  iron  is  replnced  by  nir, 
or  by  space,  or  by  bismuth.     The  magnet  could  not  exist  without 
a  surrounding  medium  or  space,  and  would  be  extinguished  it' 
deprived  of  it,  and  w  extinguished  if  the  space  he  occupied 
Tersely  by  the  dual  power  of  a  dominant  magnet  of  Buffi 
force.     The  polarity  of  each  line  of  force  is  in  the  same  direction 
throughout  the  whole  of  its  closed  course.     Pointing  in  one  direc- 
tion or  another  is  a  differential  action  due  to  the  convex 
divergence  of  the  lines  of  force  upon  the  substances  acted  on, 
according  as  it  is  a  better  or  worse  conductor  of  the  magnetic  force 
{I'hU.  Trans.,  Yeb.  1855). 

(138)  Faraday's  Preliminary  Experiments  on  Electro- 
magnetic Action. — Whilst  engaged  on  experiments  to  ascertain 
the  position  of  the  magnetic  needle  relative  to  the  conducting  wire. 
Faraday  (  Qimrt.  Jour,  uf  Soiento,  vol.  xii.  p.  74)  waa  led  to  .some 
new  views  of  electro-magnetic  action.  On  placing  the  wire  per- 
pendicularly, and  bringing  the  needle  towards  it  to  ascertain  the 
attractive  and  repulsive  positions  with  regard  to  the  wire,  he- 
found  them  to  he  fiijht — twu  attractive  and  two  repulsive  for  each 
pole.  Thus  allowing  the  needle  to  take  its  natural  position  across 
the  wire,  and  then  drawing  the  support  away  from  the  wire  slowly, 
-1  M  to  bring  the  N.  pole  tor  instance  nearer  to  it,  th"re  W«B 
Attraction,  as  was  to  be  expected;  but  on  continuing  to  make  the 
needle  come  nearer  to  the  wire,  repulsion  took  place,  though  the 
wire  waa  still  on  the  same  side  of  the  needle.  If  the  wire  was  on 
the  other  side  of  the  same  pole  of  the  needle,  it  repelled  it  when 
opposite  to  most  parts  between  the  centre  of  motion  and  the  end, 
but  there  was  a  small  portion  at  the  end  where  it  attraoted  it. 

On  making  the  wire  approach  perpendicularly  towards  one  pole 
of  the  Deedle,  the  pole  passed  off  on  one  side  in  that  direction 
which  the  attraction  and  repulsion  at  the  extreme  point  of  the 
pole  gave  ;  but  if  the  wire  were  made  continually  to  approach  the 
centre  of  motion  by  either  the  one  or  the  other  side  of  the  needle, 
the  tendency  to  more  in  the  former  direction  diminished.  It  thus 
became  null,  and  the  needle  was  quite  indifferent  to  the  wire ; 
idtunately  the  motion  wa9  reversed,  and  the  needle  powerfully 
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endeavoured  to  pfiss  the  opposite  way.  From  this  it  was  evident 
that  the  centre  of  the  active  portion  of  either  limb  of  the  needle 
(or  the  true  pole,  as  it  may  be  called),  is  not  at  the  extremity  of  the 
needle,  but  in  fly  be  represented  by  a  point  generally  in  the  axis  of 
the  needle  at  some  little  distance  from  the  end.  It  was  evident, 
also,  that  this  point  had  a  tendency  to  revolve  round  the  wire, 
and  necessarily  therefore  the  wire  round  the  point ;  and  as  the 
snme  effects  in  the  opposite  direction  took  place  with  the  other  pole, 
it  was  evident  that  each  pole  had  the  power  of  acting  on  the  wire 
by  itself,  and  not  aa  any  part,  of  the  needle,  or  as  connected  with 
the  opposite  pole. 

In  Fig.  iioj  sections  of  the  wire  in  its  different  positions  to  the 
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needle  are  represented — the  active  poles  by  two  dots,  and  the 
arrow-heads  show  the  tendency  of  the  wire  in  its  positions  to  move 
round  these  poles. 

From  these  facts,  it  follows  that  both  attraction  and  repulsion 
of  conducting  wires  are  compound  actions  j  that  there  ia  no  attrac- 
tion between  the  wire  and  either  pole  of 
the  magnet;  and  that  the  wire  ought  to  Fig.  **&. 

revolve  round  the  magnetic  pole,  and  the 
magnetic  pole  round  the  magnet 

{159)  Electro-magnetic  Rotations. — 
By  the  following  experiments  Faraday 
proved  this  to  be  really  the  case  : — 

(a)  Rotation  nf  a  Magnetic  Pole  round  a  Con- 
■  m  Wire. — The  ma  glut  ns  (Fig.  220)  is  at- 
tached by  a  thread  to  the  bent  copper  wire  d  e, 
which  pusses  through  the  bottom  of  a  cup  nearly 
filled  with  mercury;  a  £  is  another  copper  wire 
through  which  a  voltaic  current  may  be  trans- 
mitted through  the  mercury.  If  the  current  b* 
made  to  descend,  the  N.  pole  of  the  magnet 
begins  to  rotate  round  the  wire  a  b,  passing  from  x 
through  s  to  W,  that  is,  in  the  direction  of  the 
hands  of  a  watch  -,  but  if  the  current  ascends,  the  line  of  rotation  is  revenied. 

t_£)  Rotation  of  a  Conducting  Wirt  round  a  Magnet. — Thi3  ia  realized  by 
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the  little  apparatus  shown  in  Fig.  xai.  The  magnet  passes  through  the 
bottom  of  a  wooden  cup  containing  mercury,  its  pule  just  rising  above  the 
surface  of  the  metal.  A  glass  cylinder  is  cemented  into  the  cup,  on  the  top 
of  which  is  a  wooden  cap  surmounted  by  a  mercury  cup ;  a  wire  passes 
through  the  bottom  of  this  cup  having  a  hook  at  the  end,  from  which  depends 
the  conducting  wire.  On  transmitting  the  current  through  this  moveable 
conductor,  it  immediately  begins  to  revolve  round  the  magnetic  pole.  Both 
phenomena  may  even  be  exhibited  in  the  same  apparatus;  and  if  both  mag- 
ret  and  conducting  wire  be  made  moveable,  both  will  revolve  in  the  same 
direction  round  a  common  centre  of  motion,  each  appearing  to  pursue  and 
be  pursued  by  the  other. 


Fig.  111. 


Fig.  hi. 


(c)  Rotation  of  a  Magnet  round  iU  own  Axi». — To  effect  this,  the  current 
after  traversing  one  half  of  the  magnet  must  be  diverted  from  its  course 
and  made  to  pass  away  in  such  a  direction  so  that  it  shall  not  affect  the 
lower  half.  The  reason  for  this  is  evident  Suppose,  e.g.,  a  current  be 
made  to  descend  a  magnet  placed  vertically,  its  N,  pole  being  uppermost,  it 
wonld  tend  to  urge  that  pole  round  from  left  to  right;  but  its  influence  on 
the  S.  pole  would  be  just  the  reverse,  tending  to  urge  it  from  right  to  left. 

Ampere  was  the  first  to  demonstrate  the  rotation  of  a  magnet  round  its 
own  axis.  A  convenient  apparatus  for  the  purpose  was  contrived  by 
Mr,  Watkina,  and  is  shown  in  Fig.  Z2S.  Thfii  magnet  is  finely-pointed  at 
each  end;  the  lower  point  rests  in  an  agate  cup;  the  upper  end  turns  in  a 
hole  made  in  a  vertical  screw  with  a  milled  head  to  turn  it  by.  The  current 
is  transmitted  through  the  lower  half  of  the  magnet  by  establishing  com- 
munication between  the  two  terminals  of  the  battery  and  the  two  mercury 
cups,  shown  in  the  figure.  These  mercury  cups  are  in  metallic  connection 
with  circular  cisterns  containing  mercury,  into  which  bent  wires  attached 
to  tbe  magnet  dip. 

(d)  Rotation  of  a  Conducting  Body  round  tit  own  Axis. — Two  circular 
wooden  troughs  are  firmly  fixed  by  screws  on  the  arms  of  a  strong  horse- 
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shoe  magnet  (Fig.  213).  These  troughs  are  filled  with  mercury.  Into 
holes  in  the  centre  of  the  ends  of  the  magnet  two  conical  wires  are  inserted, 
which  are  affixed  in  the  centre  of  two  hemispherical  cups  united  to  copper 
cylinders,  the  wires  of  which  are  formed  into  points  which  dip  into  the 
mercury  contained  in  the  circular  troughs.  Upon  the  top  of  each  hemisphere 
is  a  metallic  cup  to  hold  mercury.  Other  cups  for  holding  mercury  are  sup- 
ported on  the  external  ends  of  bent  wires,  which  pass  through  the  sides  of 
the  circular  troughs  into  the  mercury  contained  therein.  On  transmitting 
the  Voltaic  current  down  the  two  Cylinders,  they  immediately  commence 
revolving  in  opposite  directions;  bat  if  the  two  upper  cups  be  united  by  a 
wire,  and  the  lower  cups  connected  with  the  opposite  ends  of  the  lattery,  the 


Fig.  sij. 


Fig.  114. 


same  current  will  traverse  both  sides  of  the  apparatus,  np  one  cylinder  and 
down  the  other,  and  the  rotations  will  now,  from  the  contrary  influence  of 
both  poles,  be  in  the  same  direction  in  both  cylinders. 

(e)  Rotation  of  a  Voltaic  Battery  round  the  Pole  of  a  Magntt. — It  is  not 
the  wire  only  connecting  the  terminal  plates  of  a  voltaic  battery  that  pos- 
sesses electro-magnetic  properties ;  the  magnetic  needle  is  equally  affected 
when  suspended  over  the  battery  itself  or,  in  other  words,  every  part  of  the 
circuit  exhibits  the  same  electro- magnetic  properties;  and  as  action  always 
implies  equal  and  corresponding  reaction,  the  magnet  may  be  supposed  to 
have  a  tendency  to  move  the  battery,  equal  to  that  which  the  battery  has  to 
move  it.  This  tendency  was  first  demonstrated  by  Ampere  in  the  manner 
shown  in  Fig.  124,  where  a  small  cylindrical  double  copper  vessel  is  repre- 
sented as  poised  on  either  pole  of  a  strong  horseshoe  magnet;  each  copper 
vessel  contains  an  open  cylinder  of  zinc,  poised  on  points  on  the  arms  of  the 
copper  vessels.  On  pouring  dilute  sulphuric  acid  into  the  copper  cylinders, 
all  four  commence  revolving  on  their  axes,  tho  copper  vessels  in  opposite 
directions,  and  each  sine  cylinder  in  a  contrary  direction  to  the  copper  in 
which  it  is  inserted. 

(160)  Magnetic  Properties  or  the  Voltaic  Current.— The. 
wire  connecting  the  extremities  of  a  voltaic  hattery  possesses  the 
power  of  attracting  iron  filings  during  the  time  the  current  is 
passing  through  it,  and  small  needles  laid  across  the  wire  besoms; 
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permanently  magnetized.  In  order  to  give  the  current  its  full 
magnetizing-  efficacy,  it  should  be  made  to  pries  transversely  round 
the  iron  or  steel;  it  should  surround  it  in  the  form  of  a  helix. 
Here  agrin  we  find  the  polarity  given  to  the  needle  to  depend  on 
the  direction  of  the  turns  of  the  helix.  If  it  be  dextrarttd,  the 
X.  pole  is  formed  at  the  end  at  which  the  cmxent  enters;  if  the 
helix  be  trnistroraal,  the  S.  pole  is  formed  at  that  end. 

The  magnetizing  power  of  the  current  is  exerted  instantaneously, 
the  steel  bar  acquiring  the  utmost  magnetism  it  is  capable  of 
receiving  the  moment  the  circuit  is  completed.  The  application 
of  the  helix  to  the  magnetizing  of  large  steel  bars,  by  Elias  of 
Haarlem,  has  been  alluded  to  in  a  previous  chapter  (64,  6).  By 
employing  a  band-spiral  of  copper  instead  of  a  helix,  Bottger 
(Pofff/.  Ann.  toL  lxvii.  115)  magnetized  to  saturation,  a  bar  of  hard 
cast-steel  weighing  6  lbs.,  by  merely  passing  the  spiral  once 
backwards  and  forwards  along  the  bar. 

(161)  Electro-magneta.— When  bars 
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of  soft  iron  are  sub- 
mitted to  the  in- 
fluence of  the  vol- 
taic current,  they 
acquire  a  very  high 
degree  of  magnet- 
ism ;  but  the  coer- 
citiae  force — that  is, 
the  force  in  a 
magnetic  substance 
which  opposes  the 
separation  of  the 
two  magnetic  Raids, 
and  their  recom- 
bination when  sepa- 
rated— being  in  soft 
iron  very  small,  the 
magnetism  is  only 
temporary. 

The  ordinary  ar- 
rangement of  the  horse- 
shoe electro-magnet  is 
shown  in  fig.  225.  The 
copper  wire,  which  for 
large  bars  should  be 
very  stout  and  well  coTered  with  silk,  is  wound  a  great  number  of  tfpMC 
round  the  two  arms,  so  as  to  form  two  bobbins,  A  and  b.  It  must  hue  in 
the  same  direction  round  each  bobbin,  .in  order  that  the  two  extremities  of 
the  bar  should  acquire  opposite  polarities.    The  power  varies  with  the  si2e 
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of  the  cylinder,  the  intensity  of  the  current,  and  the  thickness  of  the  copper 
wire. 

With  regard  to  the  thickness  of  the  iron  bar,  the  power  of  the  electro- 
magnet to  deflect  a  magnetic  needle  was  found  by  1  )ul>  to  be  proportional  to 
the  square  root  of  the  diameter  of  the  cylinder,  and  its  lifting  power  in  pro- 
portion to  its  simple  diameter. 

The  laws  which  govern  the  forces  of  electro-mnguets  have  been 
investigated  by  Lenz,  Jacobi,  and  Miiller. 

Let  m  denote  the  magnetic  force  of  the  electro-magnet: 
n  the  number  of  convolutions  of  wire; 
d  the  diameter  of  the  soft-iron  wire: 
q  the  quantity  of  electricity  in  circulation : 

and  c  a  constant  multiplier: 


then 
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Thia  law  only  holds  good  for  bars  of  iron  whose  length  is  con- 
siderably greater  than  their  diameter;  for  feeble  currents  of  elec- 
tricity ;  and  under  the  supposition  that  the  number  of  convolutions 
of  wire  is  not  so  great  as  materially  to  diminish  the  influence  exer- 
cised by  the  outer  coils  upon  the  bar  of  iron.  These  conditions 
are  fulfilled  in  the  electro-magnets  used  for  telegraphic  purposes. 

It  will  be  noticed  in  the  above  formula  that  at  increases  directly 
as  a  and  as  n,  but  q  decreases  as  »  decreases,  supposing  the  electric 
force  to  remain  constant.  Hence  it  is  evident  that  a  certain  pro- 
portion between  the  resistance  of  the  wire  and  that  of  fine  remain- 
ing portions  of  the  circuit  must  he  preserved,  to  obtain  the  maximum 
magnetic  force.     This  relation  is  found  to  be  the  following : — 

'When  the  resistance  of  the  coils  of  the  electro-magnet  is  equal  to  the 
resistance  of  the  rest  of  the  circuit,  i.  e.  the  conducting  wire  and  battery,  the 
magnetic  force  is  a  maximum.1 

The  experiments  of  Pfaff  gave  him  the  following  results 
(Peschel)  :— 

1.  Tiie  amount  of  suspensive  force  is  immediately  dependent  on  the  in«- 
tenaity  of  the  electric  current  which  circulates  about  the  iron;  and  the 
intensity  of  the  magnetism  excited  in  the  soft  iron  is  exactly  proportional  to 
that  of  the  electric  current. 

a.  The  intensity  of  the  current  continuing  the  same,  the  magnet's  bub- 
pensiva  power  increases  with  the  number  of  turns  made  by  the  wire,  or  the 
total  effect  of  all  the  coils  is  equal  to  the  sum  of  their  effects  if  taken  singly. 

3.  The  attractive  force  of  an  electro-magnet  increases  as  the  mass  of  the 
iron  composing  it,  and  this  increase  is  proportional  to  the  diameter  of  the 
iron  cylinder,  their  lengths  being  equal. 

4.  The  purer  anil  softer  the  iron,  and  the  more  homogeneous  the  moss,  the 
stronger  the  magnetism  it  is  capable  of  receiving. 

5.  The  form  of  the  iron  influences  its  suspensive  power.  Cylinders  cam* 
greater  weights  than  rectangular  bars;   and  a  hollow  cylinder  from  which 
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a  portion  has  been  cat  away,  so  as  to  form  a  long  horseshoe  magnet  when 
viewed  in  the  direction  of  its  axis,  but  a  very  short  one  if  taken  as  to  ita 
height,  is  capable  of  receiving  a  very  great  suspensive  force  ■,  and,  lastly,  a 
slight  curvature  of  the  polar  surface  adds  considerably  to  ita  power. 

Instead  of  coiling  the  wire  round  the  bobbins  in  one  continuous 
length,  it  is  better  that  the  total  length  of  wire  intended  to  be 
used  should  be  cut  into  several  portions,  each  of  which,  covered 
with  silk  or  cotton,  should  be  coiled  separately  on  the  iron  ;  the 
ends  of  all  the  wires  are  then  collected  into  separate  parcels,  and 
made  to  communicate  with  the  battery,  care  being  taken  that  the 
current  shall  pass  along  each  wire  in  the  same  direction. 

With  regard  to  the  retention  of  power  by  an  electro-magnet 
after  the  voltaic  current  has  ceased  to  pass  through  the  helix 
surrounding  it,  it  was  discovered  by  Ritchie  that  when  the  electro- 
magnet is  very  short,  and  the  poles  near  each  other,  the  retaining 
power  with  good  soft  iron  is  exceedingly  small,  but  that  when 
the  magnet  is  very  long  the  retaining  power  is  considerable.  Ha 
found  also  that  a  ultmi,  electro-magnet,  though  its  lifting  power 
may  be  considerable,  is  incapable  of  inducing  permanent  magnetism 
on  an  unmagnetized  horseshoe  of  tempered  steel ;  while  an  electro- 
magnet of  four  feet  in  length,  though  of  no  greater  lifting-power 
than  the  small  one,  is  capable  of  inducing  a  very  considerable  per- 
manent effect. 

(162)  Sounds  produced  during-  the  Magnetization  and 
Demagnetization  of  Iron. — This  is  best  observed  by  resting 
the  end  of  a  long  iron  bar,  surrounded  with  a  coil  of  covered 
copper  wire j  on  a  sounding-board ;  it  thus  becomes  a  musical 
note,  and  may  be  heard  distinctly  through  a  large  room.  By 
suspending  an  iron  bar  so  that  it  could  vibrate  freely,  and  circu- 
lating the  voltaic  current  by  a  wire  so  arranged  as  not  to  touch 
the  bar,  and  breaking  and  renewing  battery-contact  rapidly,  Beat- 
sun  elicited  sounds  as  loud  and  distinct  as  those  from  a  small  bell. 
He  ascertained  that  at  the  moment  the  sound  is  produced,  the 
metal  undergoes  a  sudden  expansion,  and  that  on  interrupting  the 
purn-iit  a  sudden  contraction  takes  place,  this  expansion  and  coo- 
traction  being  independent  of  that  produced  by  the  heating-powc-r 
of  the  current.  The  effects  are  evidently  caused  by  a  molecular 
disturbance  of  the  particles  of  the  metal  by  the  magnetic  inducing 
influence  of  the  current.  This  is  well  shown  by  an  experininit 
arranged  by  Grove,  in  which  a  glass  tube,  open  at  both  ends,  but 
protected  along  its  length  with  a  copper  jacket,  is  iilled  villi 
water  in  which  is  suspended  powdered  magnetic  oxide  of  iron. 
On  looking  through  the  tube  at  distant  objects,  a  considerable 
portion  of  the  light  is  interrupted  by  the  heterogeneous  arrange- 
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meet  of  the  particles  of  oxide ;  but  on  passing  a  current  through 
ji  rull  wound  round  the  tube,  the.w  particles  assume  a  symmetrical 
character,  and  much  mire  light  is  transmitted.  Tyndall  (Proc, 
Royal  In*t.,  vol.  iv.  parti  v.  p.  aji)  refers  the  lengthening  of  an 
iron  bar  at  the  moment  of  magnetization  to  the  effort  and  partial 
Buccesa  of  the  granules  of  which  the  bar  is  composed  to  set  their 
longest  dimensions  parallel  to  the  axis  of  the  bar,  in  the  same 
manner  aa  iron  filings,  which  are  virtually  so  many  little  rods 
of  iron,  when  shaken  over  a  paper  screen  placed  over  a  large  flat 
magnet,  set  their  longest  dimensions  in  the  direction  of  the 
magnetic  curve. 

(163)  Electro-magnetic  Engines.  —  The  prodigious  force 
which  electro-magnet*  manifest  when  excited  even  by  feeble 
currents,  and  the  power  of  annulling  or  reversing  it  in  an  inBtant, 
might  seem  to  justify  a  hope  of  their  affording  a  motive  power  as 
energetic  and  more  economical  than  even  steam.  An  immense 
amount  of  inventive  talent  has  been  expended  in  attempts  to 
realize  this  hope.  These  attempts  have  however  shown,  as  Dr. 
I'liliiiiMon  observes,  that  electm-magnctic  engines  can  scarcely  ever 
be  a  cheap  or  a  very  efficient  source  of  power.  Electricity  is  now 
known  to  have  a  definite  mechanical  equivalent.  The  zinc  and 
acid  required  to  produce  it  are  more  costly  than  the  coal,  which 
will  evolve  isttdtfnamiv.  heat,  and  the  hitherto-contrived  methods 
of  converting  electro-magnetism  into  moving  force,  involve  much 
more  loss  tban  the  mechanism  of  the  steam-engine  does  in  rflCpeCt 
of  heat.  It  may  be  added  that  the  great  magnetic  force  exists 
only  in  contact;  00  the  least  separation  of  the  keeper  it  decreases 
rapidly,  not  merely  because  magnetic  force  follows  the  law  of  the 
inverse  squares  of  the  distance,  but  because  that  separation  destroys 
in  n  very  great  degree  the  actual  magnetism  of  the  magnet.  It 
must,  however,  be  kept  in  mind,  that  there  are  many  cases  where 
economy  is  of  less  consequence  than  facility  of  application  and  con- 
venience ;  in  such  cases,  therefore,  the  electro-magnetic  engine  may 
deserve  preference.  The  power,  moreover,  may  be  applied  without 
danger ;  the  machine  when  not  in  active  operation  is  perfectly 
quiescent,  and  it  may  be  placed  in  any  locality. 

A  series  of  experiments  on  the  application  of  electro-magnetism 
aa  a  motive  force  was  made  by  Uumont  (Camp.  Jlru 
1851),  and  the  following  conclusions  were  deduced  from  them: — 

1.  That  although  the  electro-magnetic  farce  cannot  be  compared  to  the 
force  of  steam  in  the  production  of  great  power,  either  aa  regards  the  abso- 
lute amount  of  power  produced  or  tbe  expense,  it  may  nevertheless  under 
certain  circumstances  be  usefully  and  practically  applied. 

2.  Tb.it  while  in  the  development  of  great  power  the  electro-magnetic 
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force  is  very  inferior  to  that  of  steam,  it  becomes  equal,  and  even  superior, 
to  it  in  the  production  of  small  forces,  which  may  thus  be  subdivided,  varied. 
and  introduced  into  trades  and  occupations  using  but  small  capitals,  where 
the  absolute  amount  of  mechanical  power  is  of  less  consequence  than  ibe 
facility  uf  producing  it  instantaneously  and  at  will.  In  this  point  of  view  the 
electro-magnetic  force  assists  as  it  were  the  usefulness  of  steam,  in  the  place 
of  uselessly  competing  with  it. 

3.  Other  things  being  proportional,  electro-magnetic  machines  with  direct 
alternating  movement  present  a  great  superiority  over  rotating  machi 
since  in  the  first  there  are  no  components  lost,  and  with  the  same  expense  u 
much  more  considerable  power  is  obtained  than  with  rotating  machines. 

4.  In  machines  of  direct  movement,  the  influence  of  the  currents  of  in- 
duction appear  less  considerable  than  in  rotating  machines. 

The  first  electro-magnetic  engine  which  was  something  more 
than  a  mere  model  wiis  constructed  by  Professor  Jucobi,  of  Si 
Petersburg,  in  1834.  In  iS 38  he  succeeded  in  propelling  a  boat, 
containing  ten  or  twelve  persons,  011  the  river  Neva,  The  vessel 
was  a  ten-oared  shallop,  equipped  with  paddlewheels,  to  which 
Totatory  motion  was  communicated  by  an  electro-magnetic  en( 
The  boat  was  28  feet  long  and  7^  feet  in  width,  and  drew  a$  feet 
of  water.  At  first  there  was  great  difficulty  in  managing  the 
batteries,  and  the  imperfect  construction  of  the  engine  was  a  source 
of  frequent  interruption.  During  a  voynw ■  wlii.  h  tasted  several 
daya  the  vessel  went  at  the  rate  of  four  miles  per  hour.  In  1839 
Jacobi  tried  a  second  experiment  in  the  same  "boat.  The  machine, 
which  was  the  same  as  that  used  on  the  previous  occasion,  sad 
which  occupied  little  space,  wns  worked  by  a  battery  of  64. 
platinum  plates,  each  having  36  square  inches  of  surface,  and 
charged,  according  to  the  plan  uH  trove,  with  nitric  and  sulphuric 
acid.  The  boat,  with  a  party  of  fourteen  persons  on  hoard,  went 
against  the  stream  at  the  rate  of  three  miles  per  hour. 

In  SiUimaiis  Journal  (Nov.  1850)  the  fundamental  principle  of 
an  electro-magnetic  engine  of  considerable  power  is  thus  described 
by  Professor  Page : — 

"  It  is  well  known  that  when  a  helix  of  suitable  power  is  connected  with 
the  poles  of  a  battery  in  action,  an  iron  bar  within  it  will  remain  held  up  by 
induced  magnetism,  although  the  helix  be  placed  in  a  vertical  position  ;  and 
if  the  bar  be  partly  drawn  out  of  the  helix  by  the  band,  it  goes  back  wit'i 
a.  spring  when  the  hand  lets  go  its  hold.  This  power,  the  action  of  the  helix 
upon  the  metallic  bar  within  it,  is  the  power  used.  When  a  single  coil  is 
used,  it  has  its  points  of  greatest  and  weakest  force,  and  in  this  cofldltj 
objectionable.  But  by  making  the  coil  to  consist  of  a  series  of  short  inde- 
pendent heliceB,  which  are  to  be  brought  into  action  inccMAJYety,  the  metallic 
rud  is  made  to  pass  through  the  coil  and  back  again  with  great  rapidity  and 
with  an  equable  motion.  In  all  the  engines  hitherto  used,  there  is  a  loss  of 
power  at  the  instant  of  the  change  of  current,  owing  to  the  production  of  a 
secondary  current  in  the  opposite  direction ;  and  to  this  loss  is  owing  the 
fact  that  these  engines  cannot  be  rendered  available.' 
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Pnge  exhibited  one  of  his  engines,  of  between  4.  nnd  5  horse 
power,  at  the  Smithsonian  Institute,  the  battery  to  operate  which 
was  contained  within  the  space  of  3  cubic  feet.  It  was  a  recipro- 
cating engine  of  2-foot  stroke ;  and  the  whole,  including  the  buttery, 
weighed  about  1  ton.  Page  Bt&ted  that  the  consumption  of  3  lbs. 
of  zinc  per  day  would  produce  a  1 -horse  power.  Joule's  estimate 
is  widely  different;  he  calculates  that  in  an  electro -magnetic 
engine,  constructed  most  favourably  to  prevent  loss  of  power,  the 
consumption  of  zinc  per  14.  houra  to  produce  i-horse  power  is  in 
Grove's  battery  45  lbs.,  and  in  Daniell's  battery  75  lbB. 

Electro-magnetic  engines,  in  which  much  mechanical  ingenuity 
is  displayed,  were  invented  by  Fe**el,  Bain,  Taylor,  Davidson, 
Talbot,  and  others,  but  in  none  of  them  has  the  idea  of  an  econo- 
mii  til  working  source  of  power  been  realized.  Davidson's  engine, 
which  is  fully  described  in  the  Practical  Mechanic's  ami  : 
Mayaxme,  Nov.  1842,  was  built  on  a  large  scale,  and  was  tried  by 
the  inventor  on  the  Edinburgh  and  Glasgow  Railway ;  it  weighed, 
with  its  carriage,  batteries,  4c,  5  tons,  but  when  put  in  motion 
on  the  rails,  it  only  travelled  4  miles  an  hour,  thus  exhibiting  a 
power  less  than  that  of  a  single  man. 

Electro-motive  power  has,  however,  been  employed  very  suc- 
cessfully by  Gustave  Froment,  an  eminent  astronomical  and 
mathematical  instrument  maker  of  Paris,  for  giving  motion  to 
machinery  for  performing  dehcate  mechanical  work,  such  as  divid- 
ing-instruments, polishing  apparatus,  4c.  fee.  ITU  machine  is 
shown  in  Fig.  226,  and  is  thus  described  [Traiti  a* Electricity  &  dc 
Mntj»ctisnn\  par  MM.  h'ir</ir,;-c[)  :  — 

m  s  is  a  cast-iron  frame  supported  on  a  base;  it  contains  four  electro- 
magnets,  through  which  anelectrical  current  conveyed  through  the  conductors 
attached  to  the  binding  screws  a  and  is  circulate.  These  electro-magnets 
are  intended  to  act  on  the  eight  soft-iron  armatures  arranged  round  the  cir- 
cumference of  the  cast-iron  wheel  c  n,  which  revolves  on  an  axis.  The  arma- 
tures pass  during  rotation  as  near  as  possible  the  poles  of  the  electro-magnets, 
without  actually  touching.  The  apparatus  is  so  arranged  that  each  electro- 
magnet acts  successively  on  each  armature  as  it  approaches  near  to  its  poles, 
but  suspends  its  action  when  it  comes  i  in  mediately  opposite;  the  next 
electro-magnet  then  comes  into  action,  and  so  on  ;  in  this  manner  a  series 
of  impulses  are  given,  by  which  continuous  rotation  is  imparted  to  the  whoi ■!. 
This  is  accomplished  in  tho  following  manner: — The  machine  carries  a 
«List ributer,  which  establishes  and  interrupts  the  current  at  a  given  moment, 
but  does  not  change  its  direction.  The  distributer  is  composed  of  three 
little  communicating  wheels  fixed  on  a  circle,  a  b.  Attached  to  the  cast-iron 
frame.  A  small  cam-wheel  fixed  on  tho  axis  of  the  armatnre-wheel,  and 
moving  with  it,  raises  as  it  revolves  each  of  the  little  Communicating  wheels, 
thus  producing  the  battery-contacts  necessary  for  working  the  machine. 
To  effect  this,  one  of  the  communicators  is  in  connection  with  the  two  lower 
electro-magnets,  and  each  of  the  others  with  one  of  the  side  electro- magnets. 
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The  circle  a  Ms  so  arranged  that  the  attractions  take  place  before  the  arma- 
tures have  arrived  at  the  central  part  of  each  electro-magnet. 

Aa  the  attractive  force  of  the  magneta  is  only  exercised  at  very  small 
distances,  it  is  useless  to  allow  the  currents  to  circulate  until  the  moment 
•when  each  armature  comes  in  close  proximity  to  the  electro-magnet — hence 

Fig.  ii6. 
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the  use  of  so  many  electro  •magnets,  and  of  the  division  of  the  current  during 
each  revolution  of  the  wheel. 
The  form  of  the  communicating  wheels  is  shown  in  Fig.  227.     Metallic 

Fig.  117. 


contact  between  the  branches  a  n,  c  d,  which  communicate  with  the  poles 
of  the  battery,  is  prevented  by  the  ivory  plate  F>  the  metallic  plate  c  d 
carries  a  little  ivory  wheel  a,  which  rolls  on  the  wheel  m,  and  it  is  only 
when  the  cam  n  pasges  over  the  ivory  wheel  that  the  latter  establishes  an 
electrical  communication  between  B  and  d,  by  causing  the  plates  of  platinum 
with  which  they  are  furnished  to  come  into  contact  A  copper  screw  e  o, 
which  passes  through  a  nut  k,  fixed  in  the  ivory  plate  r,  traverses  the 
copper  plate  c  t»  throngh  a  hole  without  touching  it,  and  comes  into  contact 
with  g,  thus  regulating  the  duration  of  the  contacts  between  11  and  u. 
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Action  of  Magnetism  on  Light — Faraday's  Investigations — The  General 
Magnetic  Condition  of  Matter- —  Dia magnetism  of  Gases  —  Action  of 
Magnets  on  Metals — Modification  of  Magnetic  and  Diamagnetic.  Action 
by  Mechanical  Arrangement — Dia  magnetic  Polarity. 

(164.)  Action  of  Magnetlmn  on   Xilght. — By  the  following 

experiment  it  was  demonstrated  by  Faradoy  that  when  the  4  line  of 
magnetic  force  '  is  made  to  pass  through  certain  transparent  sub- 
stances parallel  to  a  ray  of  polarized  light  traversing  the  same 
body,  the  ray  of  polarized  light  experiences  a  rotation  (PA*?. 
Trait*.,  Nov.  %o,  1845)  : — 

A  ray  of  light  from  an  argand-lamp,  polarized  by  reflection,  was  passed 
through  a  NicoL'a  prism  revolving  en  u  horiaoiital  axis.  Between  the 
.  !/.ing  mirror  and  the  eyepiece,  the  poles  of  a  powerful  electro -magnet 
were  arranged.  The  poles  were  separated  from  each  other  about  two  indies 
in  the  direction  of  the  line  of  the  ray,  und  so  placed  that  if  on  the  tame  side 
of  the  polarized  ray  it  night  pass  near  them,  or  if  on  the  contruty  side  it 
might  go  between  them — its  direction  being  always  parallel,  or  nearly  so,  to 
the  magnetic  lines  of  force.  A  piece  of  ailicated  borate  of  lcarf-$lau  was 
placed  between  the  poles,  so  that  the  polarized  ray  should  pass  through  its 
length.  The  eyepiece  was  now  turned  in  such  a  position  that  the  image 
of  the  ray  was  invisible.  On  causing  a  voltaic  current  to  circulate  the  iron, 
l/ir  image  of  tit  e  lump- flume  became  visible,  and  continued  as  long  ss  the  iron 
continued  magnetic,  but  on  stopping  the  current  the  light  instantly  dis- 
appeared. 

The  law  of  tbe  action  is  this: — 

If  a  magnetic  line  of  force  be  going  from  a  jV.  pole,  or  earning 
from  a  8.  pule,  ulong  the  path  of  a  polarized  rag  MtNMy  to  tlie 
IT,  H  it-il/  rotate  that  rmj  In  the  right  ham/. 

Thus  supposing  Fig.  4*8  to  re-  ' 

present  a  cylinder  of  gloss,  the  line      f~\  ~ T  ~~[s\ 

j niuing  N.  and  S.  is  the  magnetic      I + f-    1 

line  0  f  force ;  and  if"  a  line  he  traced      \^  /  \  J 


_ 


round  the    cylinder  with  arrow- 
heads on  it  to  represent  direction  (as  in  the  figure),  bucJi  1  simple 
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model  held  up  before  the  eye  will  express  the  whole  of  the  law,  and 
give  fvi'i'v  position  Hnd  coiisequcin'i'  of  ilirertion  resulting  I'mm  it. 
The  following  experiment  is  referred  to  by  Faraday,  aa  clearly 
(1  iMin nai  rating  that  a  ray  of  light  may  be  electrified  and  the  elec- 
tric forces  illuminated:  — 

A  tubo  was  filled  with  distilled  water  and  introduced  a?  a  core  into  a  long 
balls  or  coil;  it  was  placed  in  the  line  of  the  polarized  ray,  so  that  by 
examination  through  the  eiepieee  tin*  itna^e  of  the  lamp -flume  produced 
by  the  ray  could  be  seen  through  it;  then  the  eyepiece  was  turned  until 
the  image  of  the  flame  disappeared,  and  afterwards  a  strong  voltaic  current 
was  sent  through  the  helix;  the  image  of  the  flame  instantly  reappeared, 
and  continued  as  long  as  the  tiwtric  current  was  passing  through  the 
helix;  on  stopping  the  current  the  image  disappeared.  When  the  current 
•was  sent  round  the  helix  in  one  direction,  the  rotation  induced  upon  the  ray 
was  one  way ;  when  the  current  was  changed,  the  direction  of  the  rotation 
changed  likewise. 

The  apparatus  shown  in  Fig.  129  was  constructed  by  Bottger 
fdi-  the  illustration  of  these  novel  phenomena:— 

«is»  stand  supporting  a  pair  of  achromatic  Nicol's  prisma,  g  and/"  placed 
horizontally;  between    these    there   is   placed   a    brass  tube,    somei  or   3 

Fig.  115, 


lines  in  diameter  and  from  6  to  8  inches  long,  closed  at  both  ends  hv 
plntcsof  glass,  h  h  ;  the  tube,  filled  with  any  double  refloating  liquid— such  aa 
tartaric  acid,  nil  nf  turpentine,  toluHon  oftvgar,  &C, — is  placed  in  the  axis  of 
s.  hollow  helix,  c,  which  ia  lined  throughout  its  entire  length  with  a  thin 
cylinder  of  sheet-iron  ;  the  projecting  terminals  of  the  helix  are  brought  by 
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mains  of  the  commutator,  d,  into  connection  with  the  poles  of  a  Grove's 
Latlcry  of  6  or  7  pairs.  On  allowing  the  light  from  an  Argand  lamp,  i,  to 
pass  through  the  hindermo&l  prism,  and  thus  causing  a  ray  of  polarized 
light  to  traverse  the  solution  in  A  6,  it  will  be  observed  that  a  certain  posi- 
tion may  be  given  to  the  front  moveable  prism,  g,  in  which  the  Arid  in  dark  ; 
if  now.  by  completing  the  circuit,  the  galvanic  current  be  caused  to  traverse 
the  pile  in  such  a  manner  that  it  enters  the  right -handed  helix  where  the 
polarized  ray  enters  the  refracting  liquid,  the  longitudinal  magnetic  axis 
coinciding  with  the  axis  of  the  ray,  or  in  other  words,  the  magnetic  N.  pole 
being  at  6,  and  the  S.  pole  at  h,  there  will  instantly  be  indicated  a  rotation 
of  the  plane  of  polarization  to  the  left,  the  field  no  longer  remaining  dark, 
but  becoming  of  a  reddish  hue,  the  phenomenon  remaining  constant  as  long 
ns  the  circuit  is  closed.  On  inverting  the  current  by  means  of  the  commu- 
tator, so  that  the  X.  pole  is  brought  to  h  and  the  S.  pole  to  b,  the  plane  of 
polarization  becomes  inverted  to  the  right,  the  field  at  the  same  time  be- 
coming of  a  bluish- green  tint. 

Taking  the  natural  rotating  force  of  a  specimen  of  oil  of  turpen- 
line  as  a  standard  of  comparison,  Faraday  obtained  the  following 
results,  a  powerful  electro-magnet  being  employed,  with  a  con- 
stant difference  of  a^  inches  between  the  poles : — 

Oil  of  turpentine It'8 

I 'y  glass 60 

1  liiil-glaas a'8 

Rock-salt      ,  ,  21 

Water 10 

Alcohol  ........  less  than  water. 

Ethez  less  than  alcohol. 

The  rotatory  power  superinduced  by  magnetic  action  ia  quite 
independent  uf  that  which  the  substance  possesses  of  itself.  In 
oil  of  turpentine,  for  instance,  whichever  way  a  ray  of  polarized 
light  passes  through  this  fluid,  it  is  rotated  in  the  same  man- 
ner, and'rays  passing  in  every  possible  direction  through  it 
ximidUmeomht,  are  all  rotated  with  equal  force,  and  according  to 
one  common  law  of  rotation — i.e.  all  right-handed,  or  else  all  to 
the  left.  This  is  not  the  case  with  the  rotation  superinduced  on 
the  same  oil  of  turpentine  by  the  magnetic  or  electric  force;  it 
exists  only  in  one  direction — that  is,  in  a  plane  perpendicular  to 
the  magnetic  lino ;  and  being  limited  to  this  plane,  it  can  be  changed 
in  direction  by  a  reversal  of  the  direction  of  the  inducing  force. 
The  direction  of  the  rotation  produced  by  the  natural  stole  is  con- 
nected invariably  with  the  direction  of  the  ray  of  light,  but  the 
power  to  produce  it  appears  to  be  possessed  in  every  direction,  and 
tit  all  times,  by  the  particles  of  fluid.  The  direction  of  the  rota- 
tion produced  by  the  inrOwtl  condition  is  connected  invariably 
with  the  direction  of  the  magnetic  line  or  the  electric  cUfTMt,  and 
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Fig.  ijo. 


the  condition  is  possessed  by  the  particles  of  matter,  but  strictly 
limited  by  the  line  or  currents  changing  or  disappearing  with  it. 

(165)  Tbe  General  Magnetic  Condition  of  Matter. — Previous 
to  the  communication  of  Faraday's  memorable  paper  on  'New 
Btajputk  Actions'  to  the  Royal  Society  (Dec,  18+5 ),  it  was  iUp- 
[  that  all  substances  might  be  magnetic  in  the  sense  of  iron, 
though  in  bo  low  a  degree  as  to  be  inappreciable  by  our  present 
nutans  of  observation.  In  the  memoir  above  alluded  to,  however, 
Fftnulay  has  shown  that  this  is  by  no  means  the  case,  and  that 
there  is  a  large  class  of  euhstanc.es  which,  though  amenable  to 
the  influence  of  powerful  magnets,  are  so  in  a  sense  absolutely  the 
reverse  of  that  of  iron. 

Thus,  let  K  s  (Fig,  130)  represent  the  poles  of  a  horseshoe  mag- 
net looking  down  upon  them ;  the 
space  between  the  poles  is  called 
the  magnetic  JIM ;  bodies  magnetic 
in  the  sense  of  iron,  if  suspended  in 
this  space,  take  up  a  position  with 
their  longest  diameters  parallel  to 
the  line  a  bt  which  is  called  the  axial 
line ;  bodies  magnetic  in  a  sense  the 
reverse  of  that  of  iron,  take  up  a 
position  with  their  longest  diameter 
parallel  to  the  line  c  d,  which  is 
called  the  equatoruil  line. 
The  first  substance  submitted  by  Faraday  to  the  action  of  the 
magnetic  forces  was  heavy  silicated  borate  of  lead-glass,  A  bar  of 
this  substance,  %  inches  wide  and  \  an  inch  thick,  was  sus- 
pended centrally  between  the  poles  of  a  powerful  horseshoe  electro- 
magnet; when  the  effect  of  torsion  was  over,  the  voltaic  current 
was  thrown  on,  the  bar  immediately  moved,  and  took  up  a  position 
across  the  line  of  magnetic  force  (equatorial).  On  being  displaced, 
it  returned  to  it,  and  this  happened  many  times  in  succession.  The 
reversal  of  the  poles  of  the  electro-magnet  caused  no  difference, 
the  bar  went  by  the  shortest  course  to  the  equatorial  position. 
Here  then  was  a  magnetic  bar  pointing  E.  and  W.  instead  of  N. 
and  S.  If  the  bar  was  suspended  nearer  to  one  pole  than  to  the 
other,  it  was  repelli-d  from  the  nearer  pole  ;  and  if  two  bars  were 
suspended,  each  near  the  opposite  pole,  both  were  repelled  by  their 
respective  poles,  and  thus  appeared  to  attract  each  other.  When 
a  cube  was  employed,  the  effect  was  repulsion  from  both  poles, 
and  recession  from  the  magnetic  action  on  either  side ;  and  when 
one  or  two  magnetic  poles  were  active  at  once,  the  courses  de- 
scribed by  the  glass  formed  a  series  of  curves,  which  Faraday  called 
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dinmagnetic  curves  in  contradistinction  to  the  lines  called  magnetic 

curves,  and  the  borate  of  lead 

and  bodies  which  act  like  it,  he 

calls  diamagnetic  substances,  in  ( 

ontradistinctiou  to  iron  and  bodies 

which  comport  themselves  similar  to  it  in  the  magnetic  field,  and 

which  are  magnetic  subetanceB. 

Faraday  submitted  a  great  number  of  substances,  solid  and  liquid. 

to  the  action  of  the  magnet,  the  liquids  being  enclosed  in  email 

glass  tubes  hermetically  sealed. 

The  results  are  given  in  the  fol- 

lowing  table : — 

Pointed  Eqiuxtarial}y  {Diamagnetic). 

Rock -crystal. 

Nitric  acid. 

Sulphate  of  lime. 

Sulphuric  acid. 

Sulphate  of  baryta. 

Muriatic  acid. 

Sulphate  of  soda. 

Solutions  of  alkaline  and 

Sulphate  of  magnesia. 

earthy  salts. 

Alum. 

Glass. 

Muriate  of  ammonia. 

Litharge. 

Chloride  of  lead. 

While  arsenic. 

Chloride  of  sodium. 

Iodine. 

Nitrate  of  potass*. 

Phosphorus. 

Carbonate  of  soda. 

Sulphur. 

Iceland  spar. 

Resin, 

Oxalate  of  lead. 

Spermaceti, 

Tartrate  of  potassa  and  antimony.       Caffeine. 

Tartaric  acid. 

Cinchona. 

Citric  acid. 

Margaric  acid. 

Water. 

Wax  from  shell-lac 

Alcohol. 

Olive  oil. 

Ether. 

Oil  of  turpentine. 

Sugar. 

Jet 

Starch. 

Caoutchouc. 

Gum-arabic. 

Dried  beef. 

Wood. 

Fresh  blood. 

Ivory. 

Leather. 

Dried  mutton. 

Apple. 

Fresh  beef. 

Bread. 

Pointed  Axially  {Magnetic). 

Paper. 

Sulphate  of  zinc. 

Sealing-wax. 

Shell -lac. 

Ftuor-apar. 

Silkworm  gut 

Peroxide  of  lead. 

Asbestos. 

Plumbago. 

Vermilion. 

China  ink. 

Tourmaline. 

Berlin  porcelain.               , 

Charcoal. 

Red  lead. 

Phosphorus  appears  to  stand  at  the  head  of  all  diamagnetic  sub- 

stances ;  its  pointing  may  be  verified  between  the  polea  of  a  common 
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magnet  If  a  man  could  be  suspended  between  the  poles,  he  would 
print  equatariaUy,  for  all  the  substances  of  -which  he  is  made 
possess  this  property. 

(166)  niamacnetlno  of  «*&■«*.— It  was  discovered  by  Ban- 
calari  (Sept.  184-7),  that  ou  the  interposition  of  a  flame  between 
the  poles  of  an  electro-magnet,  it  was  repulsed  at  the  instant  the 
electric  current  was  closed,  to  return  to  its  iirst  position  the  instant 
it  was  broken. 

On  repeating  this  experiment  with  a  powerful  electro-magnet, 
Faraday  observed:  —  !.  That  when  the  flame  of  a  wax  taper 
VU  placed  so  as  to  rise  across  the  magnetic  axis,  it  assumed  the 
appearance  indicated  in  Fig.   aji,  the  flame  being  compressed 


Fig.  i)t. 


Tig-  *!*• 


Fig.  zji. 


between  the  points  of  the  poles.  2.  That  when  the  flame  was 
raised  it  became  of  a  rish-taiL  shape  (Fig.  132),  disposed  across 
the  magnetic  axis.  3.  That  when  the  flame  was  rawed  until 
about  two-thirds  of  it  were  above  the  level  of  the  axial  line,  and 
the  poles  of  the  magnet  approached  within  0*3  of  an  inch  of  each 
other,  it  .-preud  out  on  each  side  of  the  axial  line,  producing  a 
double  flame  with  two  long  tongues,  as  shown  in  Fig.  233. 

By  repeating  and  extending  these  experiments,  Faraday  was  led 
to  the  discovery  that  common  air  has  a  decided  magnetic  action, 
:inil  that  hot  air  ib  more  diamagnetic  than  cold  air.  When  a  cur- 
rent of  heated  air  is  caused  to  pass  from  an  ignited  platinum  wire 
directly  across  the  axial  line,  it  divided  into  a  double  stream, 
ascending  on  the  two  sides  on  making  the  magnet  active,  and  at 
the  same  time  a  descending  current  Bowed  downwards  towards  the 
hut  wire.  When  a  stream  of  air,  artificially  cooled,  was  directed 
downwards  a  little  on  one  side  of  the  axial  line,  it  was  attracted 
towards  it — i.e.  the  air  had  by  tooling  been  rendered  magnetic  in 
elation  to  nir  at  the  ordinary  temperature. 
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Various  gases,  simple  and  compound,  were  examined  as  to  their 
magnetic  conditions  by  Faradny.  His  plan  was  to  cause  the  gases 
to  pass  either  upwards  or  downwards,  according  to  their  density, 
between  the  magnetic  poles ;  in  their  passage  they  were  made  to 
pass  over  bibulous  paper  moistened  with  strong  hydrochloric  acid, 
and  three  catch-tube*,  in  each  of  which  was  a  piece  of  bibulous 
paper,  moistened  with  ammonia,  were  Adjusted,  one  i m mediately 
over,  and  one  on  each  side  of,  the  axial  line.  With  this  arrange- 
ment it  was  easy  to  discover  any  effect  which  the  magnet  may 
exert  on  the  gas;  if  no  effect  was  produced,  the  gaa  would  pass 
intd  the  central  tube  and  make  itself  manifest  by  the  \0hU1  fume  of 
vapour  of  chloride  of  ammonium  which  would  there  be  formed  ;  but 
if  the  gas  were  more  dianiagnetie  than  air,  it  would  pass  into  one 
of  the  side  tubes,  in  which,  and  not  in  the  central  tuba,  the  white 
fumes  would  be  visible.  In  this  way  it  was  proved  that,  in  rela- 
tion to  atmospheric  air,  the  following  gases  wets  dlUQAgnettos — 
Nitroi/en,  hydrogen  (strongly  m),  carbonic  acid,  carbonic  oxide, 
jittroHS  ojide,  nitrir  v.vi>h\  ulrfictitt  ffOSf  CQOl (JCt,  *)i/phnrnn.i  arid  gns, 
muriatic  acid  ya$,  kydriodic  acid  yus^JtuosiliwN,  ammonia,  chlorine, 
iodine,  bromine,  and  cyanogen. 

The  most  striking  circumstances  in  these  experiments  were  the 
strongly-marked  diamagnetic  character  of  hydnujen,  and  the  feeble 
diamagnetic  condition  of  oxygen,  standing  as  it  does  in  this  respect 
far  apart  from  all  other  gaseuua  substances. 

Oxygen,  indeed,  is  a  magnetic  substance,  its  magnetic  force 
being  in  proportion  to  its  density.  It  is,  in  the  air,  what  iron  is  in 
the  earth,  and  is  in  striking  contrast  with  the  nitrogen  which 
dilutes  it  in  the  atmosphere,  and  which  iB  neither  magnetic  nor 
diamagnetic,  but,  magnetically  considered,  zero.  The  high  magnetic 
condition  of  oxygen  makes  atmospheric  nip  n  magnetic  medium  of 
no  small  power,  which  must  be  taken  into  consideration  when 
experimenting  on  the  diamagnetic  condition  of  other  gases.  The 
discoveries  of  the  high  magnetic  condition  of  oxygen,  and  its  varia- 
tions with  variations  of  temperature  and  density,  suggested  to 
Faraday  an  explanation  of  the  cause  of  the  variations  of  the  mag- 
netic force  which  are  now  so  carefully  watched  on  different  parts 
of  the  surface  of  the  globe,  of  the  daily  anil  annual  vnriations 
of  the  needle,  and  of  the  relations  between  the  aurora  horealis 
and  the  magnetism  of  the  earth.  (iSee  Faraday's  Eup.  Researches, 
series  xxvi.  and  xxvii.  :  1'hil.  Trans.,  Nov.  a8,  1850.) 

(167)  Action  of  the  Magnet  on  Metals.  —  For  examining 
the  action  of  magnetism  on  metals  the  apparatus  shown  in  Fig.  234. 
was  employed  by  Pliicker.  The  metal  was  suspended  by  a  fine 
filament  at  any  required  position  with  regard  to  the  magnetic  poles, 
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ad  juiro— dc<  with  »  glass  caw,  so  that  the  experiments  could  he 
aufcift  rttWr  ta  *  Mill  atmosphere,  or  in  atmospheres  more  or  Less 
«-ft*i*v4  with  T«ri»ms  pases  «^  vapours. 

•  *U  jubsUtK-w*  hitherto  tried,  buinuth  appears  to  be  the  moat 

eminently  diamagnetic, 
f>*  *u-  although  its  movements 

are  rather  complicated 
(from  a  cause  subse- 
quently traced  out).  It 
is,  therefore,  well  suited 
for  showing  the  various 
phenomena  of  dialling - 
netiam.  Each  particle 
of  the  metal  tends  to 
go  from  the  stronger  to 
J    I  the  weaker  parts  of  the 

,  B^..  magnetic    field.      This 

is  well  illustrated    by 
sprinkling     some     bis- 
muth   powder    over    a 
piece  of  paper  laid  over 
the  pole  of  an  e! 
magnet    placed   verti- 
cally.    On  exeiting  the 
magnet,  the  powder  re- 
treats   in    both    direc- 
tions inwards  ami  out- 
.  from  a  circular 
\\\u<  just  iiver  the  edge 
of  ili.  core,  leaving  the 
en rli'  iltfir:  and  at  the 
mine  time  showing  the 
t,<ii.|<'m-v  of  the  particles  of  bismuth  to  move  in  all  directions  from 
I  in.' ;  and  when  the  pole  is  terminated  by  a  pone,  a  clear  Hue 
01  traced  through  the  powder,  by  drawing  the  paper  on  which 
1 1,,    bUmuth  is  sprinkled  over  the  cone, 

Ooppoi  and  some  other  metals  (in  consequence,  probably,   of 

their  excellent  conducting  power  for  electric  currents)  exhibit  some 

n  nun kiible  phenomena.      When  a  mass  of  copper  is  suspended 

Oftween  the  poles,  it  first  advances  towards  the  axial  line,  as  if  it 

magnetic  ;  it  then  suddenly  stops,  and  takes  up  a  new  posi- 

hniii  which  it  can  only  he  removed  by  theapplical  ion  of  some 

Even  when  swinging  with  considerable  momentum  it  can 

up  and  retained  at  will. 
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In  order  to  form 


nod  idea  of  the 
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arresting  power  of  these  induced  cur- 
rents,  let  a  lump  of  solid  copper,  approaching  to  the  globular  or  cubical 
form,  weighing  from  £  lo  h  a  pound, 
he  suspended  by  a  long  thread ;  lei  & 
rapid  rotation  be  given  to  it,  and  ihen 
let  it  be  introduced  into  the  magnetic 
field  of  a  powerful  electro-magnet,  as 
shown  in  Fig.  235 ;  its  motion  will  be 
instantly  stopped,  and  on  trying  fur- 
ther to  spin  it  whilst  in  the  field  it 
will  be  found  impossible.  Or  let  a 
disc  of  copper  be  set  in  rapid  rotation 
and  then  suddenly  introduced  into  the 
magnetic  field,  its  rotation  will  be 
instantly  suspended. 

Faraday  submitted  various  metallic  salts  to  the  action  of  the 
magnet.  All  salts  and  compounds  containing  iron  in  the  basic  pa/I 
were  found  to  be  magnetic  both  in  the  form  of  crystals  and  when 
in  solution  ;  yellow  and  red  ferrocyanide  igf  poiamhmi  were,  how- 
ever, both  ilinnmglietic;  pure  ftdphale  and  chloride  of  nickel,  in 
crystals  and  in  solution,  oxide  of  chromium  and  its  salts,  chromic 
acid  and  otide  of  titaitiumj  and  the  salts  of  mani/amse  were  mag- 
netic ;  the  salts  of  lead,  pfnii/tioit,  ptdladimn,  and  arsenic,  on  the 
other  hand,  pointed  equatorially,  as  did  alio  cArumatc  vfputash. 

An  interesting  set  of  results  was  obtained  by  tilling  tubes  with 
ferruginous  solutions  of  different  degrees  of  strength,  and  suspend* 
ing  them  in  similar  ferruginous  solutions,  also  of  different  degrees 
of  strength,  between  the  poles  of  a  powerful  electro-mognet. 
When  the  solution  in  the  tube  was  stronger,  or  contained  more 
iron,  than  that  in  the  glass  in  which  it  was  suspended,  it  pointed 
axiatty;  when  it  was  weaker,  or  contained  less  iron,  than  that  in 
the  glass,  it  pointed  eqturtoriaUy ;  and  when  the  solutions  in  both 
tube  and  glass  were  of  the  same  degree  of  strength,  the  tube  was 
indifferent.  Iron  and  nickel  when  heated  to  a  degree  far  above 
that  required  to  render  them  insensible  to  an  ordinary  magnet,  still 
pointed  axially  between  the  poles. 

By  multiplying  these  experiments,  the  following  order  of  metals 
in  their  relation  to  the  magnetic  force  was  obtained  (0°  is  tin- 
medium  point  or  condition  of  a  metal  or  substance  indifferent  to 
the  magnetic  force) :— 


2Q2 


diamai;nf,tism. 

Bismntb. 

Ditrmngneiie. 

Silver. 

Antimony. 
Zinc, 

Copper. 
Gold. 

Tin. 

Arsenic. 

Cadmium. 

U  run  torn. 

Sodium. 

Rhodium. 

Mercury. 

Iridium. 

Und. 

Tungsten, 

<  ifiS)    Tbe    supposed    Magne-eryfttallic,    and   Optic   Axis 

Forces. — In  his  experiments  on  bismuth,  Farudny  bus  noticed 
some  embarrassing  resnlte;  e.g.  taking  at  random  from  a  quantity, 
four  small  cast  cylinders  of  the  metal,  und  suspending  them  hori- 
zontally between  the  magnetic  poles,  the  first  poiuted  tixialh/,  ihe 
second  eauatoriiiUy,  tbe  third  tguatorialia  one  position,  and  Mirjui hi 
<  ipidti'i-ui!  if  turned  round  its  axis  500  or  6o°,  the  fourth  aauatarially 
and  axialhf  under  the  same  treatment;  whilst  all  of  them  wan 
repelled  by  a  single  magnetic  pole,  thus  showing  their  strong  and 
diamagnetic  character.  The  cause  of  these  variations  Fara 
traced  to  the  regularly  crystalline  condition  of  the  metallic  cylin- 
ders; the  tendency  of  pointing  bang,  that  the  line  joining  two 
opposite  solid  angles  of  the  crystalline  group  should  take  up  an 
axtal  position,  anil  htt  experiments  led  him  to  the  conclusion  that 
there  exists  an  impelling  force  distinct  from  the  magnetic  and  the 
diamagnetic,  and  which  he  called  the  mafftu-ay«taiUc  fara.  The 
subject  was  minutely  investigated  by  Plucker,  who  drew  from  hi* 
experiments  the  inference  that  there  existB  a  relation  between  I  lie 
farm*  of  the  ultimate  particles  of  matter  and  the  a  nee. 

According  to  Faraday's  view,  the  new  force  discovered  by  Pliicker 
is  an  optic  mm  force  exerted  in  an  equatorial  direction,  and  there- 
fore existing  in  a  direction  at  right  angles  to  that  which  produces 
the  rangne-CJTStallic  phenomena,-  both  forces,  however,  having 
relation  to  the  force  conferring  the  condition  of  crystalline  struc- 
ture, and  having  one  common  origin  and  cause. 

1  160)  Modification  of  Magnetic  and  Diamagnetic  Action 
toy  Mecnanical  Arrangement. — The  experiment*  of  Tyudull 
and  Knoblauch  do  not  contirm  the  law  announced  by  1'liicker,  that 
'  there  will  be  repulsion  or  attraction  of  tlie  optic  axis  by  the  poles 
of  a  magnet,  according  to  the  crystalline  structure  of  the  crystal: 
if  the  crystal  bo  a  negative  one,  there  will  be  repulsion ;  if  a 
positive,  there  will  be  attraction.'  In  some  cases  tin  y  found  this 
law  to  hold  good,  but  in  many  others  the  results  were  opposed 

<u     II. 
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of  crystalline  bodies  in  the  magnetic  field  may  be  explained  with- 
out assuming  the  existence  of  the  '  optic  axis'  force : — 

'  Take  a  slice  of  apple  rather  thicker  than  a  penny-piece,  stick  through  it 
in  a  direction  perpendicular  to  its  flat  Barface  some  bits  of  iron  wire,  and 
hang  it  in  the  mni;itetac  fletd ;  it  will  set  itself  equatorial^  not  by  rtpultion, 
but  by  the  attraction  of  the  iron  wires. 

*  Substitute  bits  of  bismuth  wire  for  the  iron  ;  the  apple  will  now  Bet  axial, 
not  hy  attraction,  but  by  the  repulsion  of  the  bismuth.1 

Now  arrangement-  ia  conceivable  tmoagSt  the  particles  of  a 
magnetic  or  a  diamagnetic  body  capable  of  producing  similar  effects; 
and  if  the  magnetic  and  diamagnetic  forces  be  associated  with  the 
particles  of  matter,  the  inference  is  not  unreasonable  that  the 
closer  these  particles  are  aggregated,  the  less  will  be  the  obstruc- 
tion offered  to  the  transmission  of  the  respective  forces  through 
them. 

In  another  experiment,  Tyndall  and  Knoblauch  substituted  for  a 
crystal  of  sulphate  of  iron  a  model  made  of  carbonate  of  iron,  made 
into  a  paste  with  gum-water,  and  compressed  Rnd  arranged  so  that 
the  line  of  '  elective  polarity'  through  the  model  was  perpendicular 
to  the  length.  This  model,  though  magnetic,  and  strongly  at- 
tracted by  the  magnet,  actually  receded  from  it  when  made  to 
stand  between  the  flat -faced  poles  obliquely.  In  the  same  way,  by 
using  bismuth  powder  they  imitated  Faraday's  experiments  with 
crynlah  of  that  metal.  Now  as  by  reducing  the  substances  to 
powder  all  symmetry  of  crystalline  arrangement  ia  destroyed,  and 
the  force  among  the  particles  which  makes  them  cohere  in  regular 
order  rendered  ineffective,  it  would  seem  that  magnetism  and  di;i- 
maguetism  are  clearly  modified  by  mechanical  arrangement.  The 
general  principle  is  enunciated  in  the  following  law  : — 

1  If  the  arrangement  of  the  component  particles  of  any  body  be  such  as  to 
promt  different  degrees  of  proximity  in  different  directions,  then  the  line 
of  closest  proximity,  other  circumstances  being  equal,  will  be  that  chosen 
by  the  respective  forces  for  the  exhibition  of  their  greatest  energy.  If  the 
mass  be  magnetic,  this  line  will  stand  axial,  if  diamagnetic  equatorial.' 

Both  experiment  and  ("peculation  seem  indeed  to  concur  in  pro- 
nouncing  the  line  of  closest  proximity  among  the  particles  to  be 
that  in  which  the  magnetic  and  diamagnetic  forces  will  exhibit 
themselves  with  peculiar  energy,  thus  determining  the  position  of 
the  crystalline  muss  between  the  poles. 

(170)  mamagnetlc  Polarity. — The  experiments  of  Weber  and 
of  Faraday  led  them  to  different  conclusions  on  this  point,  the 
former  having  satisfied  himself  that  he  had  proved  a  polarity  of 
bismuth  in  reverse  of  that  of  iron;  and  the  latter  stating  that  he 
could  find  no  evidence  of  diamagnetic  polarity,  either  in  his  own 


294 


niAMAGNETISM. 


experiments  or  in  those  by  Weber  and  Reisch.  Von  Feilitsch,  on 
the  other  hand,  endeavoured  to  prove  (Pat/if.  Ann.)  that  dift- 
niagneric  bodies  possess  a  polarity  the  same  as  that  of  iron. 

In  this  uncertain  state  of  the  subject,  the  investigation  was 
taken  up  by  Tyndall  (Report  of  the  British  Association,  1854; 
Bakerian  Lecture,  1855;  Phil.  Trans.,  1856).  For  examining  tbe 
qoeatSon  of  the  polarity  of  dianiagnetic  bodies,  the  plan  first  adopted 
was  to  cause  fixed  magnets  to  act  upon  a  moveable  bar  of  bismuth 
encircled  by  an  electric  current,  and  to  note,  from  the  deflections  of 
tbe  bar,  the  character  of  the  force  acting  upon  it.  Tbe  bur  was 
suspended  with  great  delicacy  in  the  axis  of  a  helix  of  covered 
copper  wire.  Opposite  to  either  end  of  the  bur  was  placed  mi 
electro-magnetic  spiral,  enclosing  a  core  of  soft  iron.  The  spirals 
were  so  connected  together,  that  the  same  current  excited  both,  w 
that  the  same  magnetic  strength  was  developed  in  both  poles;  and 
liv  means  of  areverser  the  polarity  of  the  core  could  be  changed 
at  pleasure.  A  current  reverser  was  also  attached  to  the  helix 
enclosing  tin?  bismuth  bar,  so  that  the  current  from  the  battery 
could  be  caused'  to  flow  through  it  in  either  direction.  The 
arrangement  is  shown  in  Fig.  236. 

Pig.  116, 
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A  B  the  helix  enclosing  the  bismuth  bnr  j  s  s  (he  ends  of  the  cores  of  the 
lectro-mngnets;  r'  the  current  reverser  of  the  spirals?  r  the  current  re- 
<\(  the  helix. 
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On  sending  the  current  through  the  helix  in  the  direction  in- 
dicated by  the  arrow,  the  magnetB  being  so  excited  that  the  u  pole 
was  north  and  the  s  pole  south,  the  bar  moved  from  its  position 
and  came  to  rest  in  the  dotted  po- 
sition, being  manifestly  attracted  by 
the  magnets.  On  reversing  the  poles 
of  the  magnets  the  bismuth  bar  in- 
stantly looped  from  the  position  it 
previously  occupied,  and  receded  from 
the  poles:  it  was  now  repelled.  On 
changing  the  direction  of  the  current 
through  the  helix,  attraction  was 
again  manifested.  '  In  all  cases 
whore  the  bur  waa  freely  moving  in 
any  direction  under  the  operation  of 
forces  acting  upon  it,  the  reversion 
either  of  the  current  at  the  helix  or 
the  polarity  of  the  cores  arrested  the 
motion  ;  approach  was  converted  into 
recession,  and  recession  into  approach,' 

Tyndall  subsequently  investigated 
this  subject  with  an  apparatus 
based  on  different  principles,  and 
constructed  (from  a  plan  furnished 
by  Weber)  by  Leyser,  of  Ijeipsic. 
The  diamagnetic  bar,  suitably  ex- 
cited, is  permitted  to  act  upon  an 
astatic  system  of  steel  magnets,  and 
from  the  deflections  of  the  system  the 
polarity  of  the  bar  is  inferred. 

The  apparatus,  and  the  working 
of  its  various  parts,  will  be  under- 
stood by  reference  to  Fig.  237.  B  <>, 
B'  o'  is  the  outline  of  the  rectangular 
ease,  the  front  of  which  is  removed 
to  show  the  apparatus  within  :  n  d' 
are  the  screw-holes  by  which  the 
box  is  firmly  fixed  to  the  wall ;  H  e, 
h'  b'  are  two  copper  wire  helices 
wound    round   two  brass  reels,  the 

upper  ends  of  which  protrude  from  H  to  o  and  from  h'  to  e' ; 
w  w'  are  grooved  wheels,  to  the  string;  of  which  are  attached  the 
Cylinders  n>,  w,  o}  p  of  the  body  to  be  examined  ;  a  »'  is  a  cross- 
bar of  brass,  through  the  centre  of  which  the  screw  k  passes, 
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h  tin'  nstiitic  system  of  magnets  8  n  is  suspended  by  silk 

fitu**;  th«>  bliu'k  circle  in  front  of  the  magnet  s  N  is  a  mirror,  and 

thf»   NOtUflJB  il  «,  d'  ■/  is  tlie  outline  of  a  copper  damper,  which 

to  i  In-  current  a  induced  in  it  by  the  motion  of  the  niagneta, 

goon  latter  to  rest,  and  thus  expedites  the  experiment. 

l'li.>  following  are  the  details  of  an  experiment: — 

iM.iiuuth  cylinders  were  3  inches  long1  and  07  of  an  inch  In  diameter, 
itnil  »■■!.<  1  •lii'iiiH'ully  pure.  A  current  from  a  single  cell  of  Grove's  battery 
being  caused  to  circulate  in  the  helices,  the  cylinders  remaining  In  their 
1  ■.■i'Ihi,  it*  in  the  figure,  the  cross  wire  of  the  telescope  cut  the  number  650 
hi  |)n  iralfc  Turning  the  wheel  w'  so  as  to  raise  the  cylinder  m  n,  and  de- 
|in«»i  llir  cylinder  op,  the  magnet  promptly  moved,  and  after  some  osctlta- 
ihmim  took  u|>  a  new  position  of  equilibrium,  the  cross  wire  of  the  telescope 
then  cutting  670  on  the  scalfl.  Reversing  the  motion  so  as  to  place  the 
<  vlludi  m  again  central,  the  former  position,  6500,  was  asflumed;  on  turning 
iiiitln  1  in  iho  same  direction,  so  as  to  depress  m  n  and  raise  op,  the  position 
,1  ••.|inlilniimi  of  l he  magnet  was  at  the  number  6309. 

1  iniio  by  bringing  the  two  ends  n  and  o  to  bear  upon  the  astatic  magnet. 

notion  wo 8  from  smaller  10  greater  numbers,  the  position  of  rest  being 

then  ao°  greater  than  when  the  bars  were  central.     By  bringing  the  ends 

hi  mill  '•  i<r  bear  upon  the  magnet,  the  motion  was  from  greater  to  smaller 

miiiili'Ts  the  position  of  rest  being  200  less  than  when  the  bars  were  central, 

Wlii-n  the  current  was  caused  to  flow  through  the  helices  in 
I hf  runtrary  direction,  an  opposite  result  was  obtained.    Thus — 

The  bismuth  cylinders  being  in  the  centres  of  the  helices,  the  cross  wire 
nf  tin!  telescope  cut  the  number  481  on  the  scale.  Turning  the  wheel  so  as 
h«n  n  and  depress  0  p.  the  cross  wire  cat  468;  reversing  the  motion 
mo  as  to  place  the  cylinder  again  central,  the  former  position  of  4S2  was 
auiiiimed,  and  on  turning  further  in  the  same  direction,  so  aa  to  depress  m  n 
Nii-I  raise  o  p,  the  number  became  493.  In  this  case,  therefore,  the  first 
motion  was  from  greater  to  smaller  numbers,  and  the  last  from  smaller  to 
greater. 

Cylinders  of  copper,  antimony,  heavy  glass,  marble,  and  many 
Othar  substances,  were  submitted  to  experiment  with  this  appara- 
tus, and  with  nil  marked  deflections  were  produced.  Liquids, 
both  magnetic  and  diamagnetic,  were  included  by  Tyndall  in  this 
examination,  and  the  polarity  of  both  was  established. 
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PART  VII. 

MAGNETO-ELECTRICITY. 


Tolta-    and    Magneto-electric     Induction — Arago's    Rotations— Faraday's 
relies — L  lee  trie    Spark    from    the   Magnet — The    Magneto-electric 
acbine— Its  Applications— Induced    Currents— Electro-magnetic    Coil 
lactones — The  Induction  Coil — Phenomena  of  the  Induced  Current. 

(171)  Induction  by  Voltaic  Currents.— When  a  current  from 
a  single  pair  is  sent  through  a  metallic  wire,  it  induces  a  wave  of 
t-1'  1  irlrity  in  a  second  wire,  forming  a  complete  circuit,  and.  placed 
parallel  to  it,  both  at  the  moment  when  contact  with  the  battery 
is  made  and  when  it  is  broken  ;  but  while  the  electricity  continue* 
to  now  through  the  tirat  or  inducing  wire,  no  inductive  effect  on 
the  second  wire  can  be  perceived. 

The  direction  of  the  induced  wave  produced  on  breaking  battery 
contact  is  the  reverse  of  that  produced  on  making  contact ;  in  the 
former  case  it  is  in  the  same  direction  as  the  battery  current,  in 
the  latter  case  it  is  in  the  opposite  direction. 

Let  a  considerable  length  of  silk-covered  copper  wire  be  "wound  round  a 
block  of  wood ;  and  let  a  second  similar  length  of  wire  be  arranged  as  a  spiral 
between  the  coils  of  the  first ;  let  the  ends  of  this  second  coil  be  connected 
with  a  small  heiix  of  line-covered  copper  wire  surrounding  a  small  glass 
tube,  in  the  n^is  of  which  is  placed  4  common  sewing- needle.  On  causing 
the  current  from  a  simple  voltaic  circle  to  pass  through  the  first  coil,  and 
removing  the  needle  from  the  helix  before  breaking  contact  with  the  battery, 
it  will  be  found  to  be  magnetized.  Let  a  second  needle  be  introduced  into 
the  helix,  and  let  battery  contact  be  then  broken,  this  needle  will  also  be 
found  to  be  a  magnet,  but  with  its  poles  in  a  contrary  direction  to  those  of 
the  first  needle.  Let  the  needle  remain  in  the  helix  during  the  time  of 
making  and  breaking  battery  contact,  it  will  be  found  to  have  acquired  very 
feeble  magnetic  properties. 

(172)  Magneto -electric  Induction. — Similar  wares  of  elec- 
tricity are  induced  in  wires  by  ordinary  magnets  without  the  in- 
tervention of  any  voltaic  arrangement  Thus,  if  a  considerable 
length  of  covered  copper  wire  be  wound  round  a  pasteboard  cylinder, 
containing  in  its  axis  a  bar  of  soft  ironf  and  its  ends  connected 
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With  ft  very  strong  inagnet,  induced  currents  are  evinced  by  the 
galvanometer  by  bringing  the  magnet  near  but  not  touching  the 
end  of  the  helix.  1 

(173)  Terrestrial  Magneto-electric  Induction. — When  ft 
piece  of  pure  soft  iron  is  held  in  the  direction  of  the  dtp  of  the 
needle,  it  becomes  pro  tempore  a  magnet,  its  lower  end  acquiring 
a  N.  polarity ;  if  the  bar  be  inverted,  the  polarity  id  at  the  same  time 
changed.  If  such  a  bar  be  placed  in  the  axia  of  a  coil  of  wire,  the 
ends  of  which  are  connected  with  a  galvanometer,  held  in  the  line  of 
the  dip,  and  then  suddenly  inverted,  the  needle  is  deflected,  prov- 
ing the  evolution  of  a  current  of  electricity  from  the  magnetism 
of  the  earth.  With  a  somewhat  larger  coil  the  iron  bar  may  be 
dispensed  with,  and  by  causing  a  plate  of  copper  to  rotate  in  a 
horizontal  plane,  electric  phenomena  may  be  produced  without 
any  other  other  magnet  than  the  earth.  When  the  plate  revolves 
in  the  same  direction  as  the  hands  of  a  watch,  the  current  of 
electricity  is  from  the  centre  to  the  circumference  ;  when  in  the 
vontrary  direction,  the  current  is  from  the  circumference  to  the 
centre.  In  fact  it  has  been  shown  by  Faraday  that  it  is  a  conse- 
quence of  the  universality  of  the  magnetic  influence  of  the  earth, 
that  scarcely  any  piece  of  metal  can  be  moved  in  contact  with 
others,  either  at  rest  or  in  motion,  with  different  velocities,  or  in 
varying  directions,  without  an  electric  current  existing  within 
them. 

(174.)  Development  of  Magnetism  oy  Rotation. — In  the 
vi  iir  1824,  Arogo  conceived  the  idea  of  Btudying  the  oscillations 
of  a  magnetic  needle  when  placed  above  or  near  any  body  what- 
ever. Having  suspended  a  magnetic  needle  above  a  metal,  or  even 
water,  and  caused  it  to  deviate  ft  certain  number  of  degrees 
from  its  normal  position,  it  began,  when  left  to  itself,  to  oscillate 
in  arcs  of  less  and  less  amplitude,  as  if  it  had  been  placed  in  a 
resisting  medium ;  and  it  was  further  noticed  that  the  diminution 
in  the  amplitude  of  the  oscillations  did  not  alter  the  number  that 
were  performed  in  a  given  time. 

It  next  occurred  to  Arago  to  try  whether  the  needle  would  be 
dragged  along  by  rotating  the  plates  which  had  the  power  of 
diminishing  the  amplitude  of  its  oscillations.  This  conjecture 
wjls  eon  firmed  by  experini-iji,  for  on  ciiu.sing  discs  of  various 
metals  to  revolve  with  different  velocities  underneath  a  needle 
suspended  by  a  fibre  of  silk,  a  sheet  of  paper  intervening  between 
the  needle  and  the  disc,  the  needle  was  drawn  out  of  the  magnetic 
meridian  the  instant  the  disc  began  to  revolve,  with  a  degree  of 
force  proportional  to  the  velocity  of  the  rotation  ;  and  when  this 
was  very  rapid,  the  magnetism  of  the  earth  was  overpowered,  and 
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l1.il-  needle  continued  to  turn,  following  the  motion  of  the  disc. 
On  reversing  the  direction  of  the  rotation  of  the  disc,  the  needle 
gradually  returned  to  its  normal  position,  and  then  commenced  ro- 
tating in  the  contrary  direction.  It  was  further  noticed  by  Arago, 
that  when  the  plates  had  portions  cut  out  in  the  direction  of  the 
radii,  their  action  on  the  needle  was  diminished. 

When  a  circular  disc  of  copper  was  suspended  ahove  a  strong 
horseshoe  magnet,  placed  vertically,  with  its  poles  uppermost,  and 
made  to  revolve  rapidly  round  its  axis  of  symmetry,  Babbage  and 
Herschel  found  that  the  plate  began  to  turn  in  the  same  direction,  at 
first  slowly,  hut  afterwards  with  an  increased  velocity-  When 
the  magnet  was  made  to  turn  in  an  opposite  direction,  the  disc  of 
copper  changed  the  direction  of  its  motion  also.  Plates  of  various 
metals,  or  of  glass,  interposed  between  the  magnet  and  the  disc, 
did  not  sensibly  modify  the  results,  but  a  sheet  of  tissue  iron 
greatly  diminished  the  influence  of  tliu  magnet,  while  two  sueh 
plates  almost  destroyed  it.  Babbage  and  Herschel  also  found  that 
the  number  of  revolutions  performed  by  the  disc  in  a  given  tiim- 
was  greatly  affected  by  cutting  the  plate  through  in  the  direction 
of  the  radii,  the  accelerating  forces  diminishing  with  the  number 
of  solutions  of  continuity  in  the  disc. 

Sua*  found,  contrary  to  the  observations  of  Babbage  and 
Herschel,  that  large  masses  of  copper,  silver,  and  zinc  sensibly 
diminished,  and,  after  a  time,  arrested  altogether  the  motion  of 
the  revolving  disc. 

(175)  Faraday's  Explanation  of  Arago's  Rotations. — All 
these  effects  hova  received  a  satisfactory  explanation  from  the  dis- 
coveries of  Faraday.  He  has  shown  that  when  a  piece  of  metal 
or  conducting  matter  iB  moved  across  the  linos  of  magnetic  force,* 
it  has,  or  tends  to  have,  a  current  of  electricity  produced  in  it : — 

ThiiA,  if  M  (Fig.  440)  represent  a  magnetic  pole,  and  over  it  a  circuit  bo 
formed  or  metal  of  any  shape,  and  which  at  first  is  in  position  c ;  then  if 
that  circuit  be  moved  in  one  direction  into  position  1,  or  in  the  contrary 
directions  into  positions  2  or  3,  or  4  or  5  j  or  if  the  first  position,  c,  be  re- 
tained, and  the  pole  move  to  or  towards  the  position  n,  then  an  electric  CD* 


•  Faraday's  definition  of  a  line  of  magnetic  force  is  *  that  line  which  a  very 
small  needle  describes,  when  it  ia  so  moved  in  any  direction  correspondent 
to  its  length,  that  the  needle  is  constantly  a  tangent  to  the  line  of  motion: 
or  that  line  along  which  if  a  transverse  wire  be  moved  in  either  direction. 
there  is  no  tendency  to  the  formation  of  any  current  in  the  wire,  whilst  if 
moved  in  any  other  direction,  there  is  such  a  tendency.  The  direction  of  these 
lines  about  and  between  ordinary  magnets  is  easily  represented  in  a  general 
manner  by  the  use  of  iron  filings '  {Phil.  Tran*.t  1852), 
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rent  will  be  produced  in  the  circuit  having  in  every  case  the  tame  direction, 
being  that  marked  by  the  arrows.  Reverse  motions  give  currents  in  the 
reverse  direction. 


'  Fig.  240. 


Let  a  copper  disc  (Fig.  241)  be 
mounted  on  an  axis,  and  furnished 
with  a  handle  for  giving  it  motion ; 
let  tow'  be  two  copper  wires,  the 
one  retained  in  perfect  metallic 
contact  with  the  axis,  and  the 
other  with  the  circumference  of  the 
disc.  Let  a  powerful  horseshoe 
magnet  be  placed  so  as  to  allow 
of  the  revolution  of  the  disc  be- 
tween its  poles,  and  let  the  wires 
be  connected  with  a  galvanometer, 
g;  the  wire  10'  is  retained  on  the 
circumference  of  the  disc  at  the 
point  between  the  poles  of  the 
magnet. 

When  this  machine  is  made  to  revolve  from  right  to  left,  a  current  of  elec- 
tricity is  determined  from  the  centre  to  the  circumference,  in  the  direction 
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of  the  arrows,  and  the  needle  is  deflected  accordingly.  If  the  revolution  of 
the  disc,  or  the  poles  of  the  magnet  be  reversed,  the  electric  current  moves  in 
an  opposite  direction ;  when  the  plate  is  at  rest,  there  is  no  disturbance  of 
the  needle  of  the  galvanometer. 

The  direction  of  the  current  of  electricity  which  is  excited  in 
a  metal  when  moving  in  the  neighbourhood  of  a  magnet,  depends 
upon  its  relation  to  the  magnetic  curves.  The  following  popular 
expression  of  it  is  given  hy  Faraday  : — 


Let  a  b  (Tig.  14*)  ftpRMSt  ■  cylinder  magnet,  a  being  the  marked 
•  taw  unmarked  pol< ;  1«  p  s   be  a  silver  knife-blade,  resting  across  ll 
IMiliK  with  its  edge  upward,  and  with  ita  marked  or  nutehed  side  towards 
the  pole  a  ;  than  in  whatever  direction  or  position  thii  knife  be  moved  edge 

foremost,  either  a  boot  the 
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marked  or  unmarked  pole, 
the  current  of  electricity 
produced  will  be  from  p  to 
X.  provided  tbe  intersecting 
curvea  proceeding  from  a 
abut  upon  the  notched  sur- 
face of  the  knife,  and  those 
from  B  upon  the  unnotched 
fide;  or  if  tbe  knife  be 
moved  with  its  back  fore- 
most, the  current  will  l>e 
from  n  to  r  in  every  poa- 
aitile  position  and  direction, 
provided  the  intersected 
Curves  abut  on  the  same  surface  as  before.  A  Utile  model  is  easily  con- 
structed by  using  a  cylinder  of  wood  for  a  magnet,  a  flat  piece  for  the  blade, 
and  a  piece  of  thread  connecting  one  end  of  the  cylinder  with  the  other, 
and  passing  through  a  hole  in  the  blade  for  the  magnetic  curves;  this  readily 
gives  the  result  in  every  possible  direction. 

Whenever,  therefore,  a  metallic  plate  is  caused  to  revolve 
in  the  neighbourhood  of  a  magnet,  or  vice  cersa,  electrical  currents 
are  determined  from  the  centre  to  the  circumference,  or  from  the 
circumference  to  the  centre,  in  the  direction  of  the  radii ;  and  the 
effect  is  precisely  tbe  same  as  in  electro-magnetic  rotations,  and 
are  governed  by  the  following  law : — 

If  a  wire,  p  k  (Fig.  043),  be  connected  with  the  positive  and  negative 
ends  of  a  voltaic  battery,  so  that  the  positive  electricity  shall 
pass  from  p  to  n,  and  a  marked  magnetic  pole,  x,  be  placed 
near  the  wire,  between  it  and  the  spectator,  the  pule  will  move 
in  a  direction  tangential  to  tbe  wire,  that  is  towards  tbe  right, 
and  the  wire  will  move  tangentiafly  towards,  the  left,  accord- 
ing to  the  direction  of  the  arrows. 

So  also  when  a  plate  of  metal  is  made  to  rotate  beneath  a 
magnetic  pole  (suppose  &  n  pole),  a  series  of  currents  of  elec- 
trinty  will  pass  from  the  centre  to  (he  circumference  of  the 
plate  if  it  ia  rotating  in  the  direction  of  the  hands  of  a  watch, 
or  from  the  circumference  to  the  centre  if  it  is  rotating  in  the 
contrary  direction ;  and  it  is  at  once  evident,  according  to 
the  above  law,  both  magnet  and  plate  must  move  in  the 
same  direction ;  it  is  also  evident  why  tbe  phenomena  cease 
when  the  magnet  and  metal  are  brought  to  rest,  for  then  the 

ritOtrieal  currents  cease.     The  effects  of  a  solution  of  the  continuity  of  the 
in   the  experiments  of  Babbage  and   H troche]  are  likewise  readily 

explained. 
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(176)  Electric  Spark  from  the  Magnet. — (a)  From  a  Natu- 
ral Magnet. — This  wa8  first  obtained  in  this  country  from  a  natural 
magnet  by  Professor  Forbes,  of  Edinburgh  (March  30,  1831),  hut 
it  appears  that  the  first  document  giving  an  account  of  the  excita- 
tion of  a  spark  from  a  permanent  magnet  is  by  Signor  Nobili,  and 
lootfaaz  dfttad  from  lln-  DUUentnat  Florence,  Jan.  31,  1831,  The 
experiment  of  Forbes  was  arranged  as  shown  in  Fig.  44+  ;  — 

A  is  a  powerful  natural  magnet  or  loadstone  capable  of  supporting  170  lbs. ; 
aha  cylindrical  collector  of  soft  iron  passing  through  the  axis  of  the  helix 
c,  and  connecting  the  poles  of  the  magnet.  Accuracy  of  contact  was  found 
to  be  of  considerable  importance  to  the  success  of  the  experiment,  and  one 
aide  of  the  cylinder  was  carefully  formed  to  a  curve  of  about  1  inches  r.idiuB 
for  this  purpose.     Great  advantage  was  found  from  the  use  of  a  mechanical 

Fig,  144- 


guide,  not  represented  in  the  figure,  to  enable  an  assistant  to  bring  up  the 
connector  rapidly  and  accurately  to  the  magnet  in  the  dark. 

The  belix  c  consisted  of  about  150  feet  of  copper  wire,  about  -'-  of  an  inch 
in  diameter,  was  jij  inches  long,  and  was  arranged  in  4  layers,  which  were 
carefully  (separated  by  insulating  partitions  of  cloth  and  sealing-wax.  The 
one  termination,  d  e,  of  the  wire  passed  into  the  bottom  of  the  glass  tube  h, 
half-tilled  with  mercury,  in  which  the  wire  terminated,  and  the  purity  of  the 
mercurial  surface  was  found  to  be  of  great  consequence.  The  other  extre- 
mity,/, of  the  heliacal  wire  communicated  by  means  of  the  cup  of  mercury  1 
with  the  iron  wire  o,  the  fine  point  of  which  may  bo  brought  by  the  hand 
into  contact  with  the  surface  of  mercury  in  h,  and  separated  from  it  at 
the  instant  when  the  contact  of  the  connector  a  h  with  the  poles  of  the  mag- 
net is  effected.     The  spark  is  produced  in  the  tube  h. 

The  success  of  this  experiment  obviously  depends  on  the  syn- 
chronism of  the  production  of  the  momentary  current  by  connect- 
ing the  magnetic  poles  and  the  interruption  of  the  circuit  at  the 
surface  of  the  mercury;  with  a  little  pnotice,  Forbes  wa«  able  to 
produce,  for  many  times  in  succession,  at  least  two  sparks  from 
every  three  successive  contacts. 
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(&)  Front  an  Artificial  Magnet. — The  magnetic  spark  may  be 
produced  with  great  eaae  and  certainty  from  an  artificial  magnet 
of  moderate  strength,  by  employing  the  little  arrangement  shown 
in  Fig.  345.    It  consists  merely  of  a  cylinder  of  soft  iron,  round  tike 
centre  of  which  is  wound  a  few  feet  of 
Ft*,  us-  insulated    copper  wire;   to  one  end  of 

this  wire  id  soldered  a  small  disc  of 
copper,  which  is  well  amalgamated  :  the 
other  end  is  bent  up,  the  point  cleaned 
and  amalgamated,  and  brought  into  con- 
tact with  the  disc.  On  laying  this 
cylinder  across  the  poles  of  the  magnet, 
and  then  suddenly  breaking  contact, 
point  and  the  disc  become  separated  at 
the  same  time,  and  the  spark  appear*. 
(<>')  From  an  FtectrcHnifii/iiet. — Hound  the  90ft  iron  lifter  of  a 
horseshoe  electro-magnet  capable  of  carrying  from  15  lbs.  to  zo  lb.-.. 
ten  or  twelve  feet  of  insulated  copper  wire  are  wound.  To  the  ends  of 

Fig.  146. 


tin*  coil  two  thick  copper  wires  are  to  be  soldered,  in  order  to  form 
a  complete  metallic  circuit  when  the  lifter  is  in  contact  with  the 
poles  of  the  magnet  The  magnet  is  mounted  poles  upward  on  ■ 
wooden  stand,  having  a  pillar  with  an  arm  or  lever  passing  through 


a  mortice  in  the  top  of  it,  for  the  purpose  of  removing  by  a  sudden, 
jerk,  the  lifter  from  the  poles  of  the  magnet. 

In  front  of  the  magnet  a  glass  tube  is  fixed,  having  its  top  closed 
by  a  cap  of  boxwood,  through  which  the  copper  wires  soldered  to 
the  extremities  of  the  coil  psss  as  near  air-tight  aa  possible  into 
the  glass  tube  ;  the  end  of  one  wire,  being  flattened,  is  bent  at 
right  angles  and  well  amalgamated.  The  other,  which  la  straight, 
C8Q  ha  brought  down  or  removed  from  it  by  means  of  the  lever. 
The  whole  arrangement  will  be  readily  understood  by  an  inspec- 
tion of  Fig.  246. 

The  mixed  gases  Are  introduced  into  the  tube  g  by  means  of  a  bent  or 
flexible  lube.  On  giving  the  lever  r  a  smart  blow  with  this  palm  of  the 
hand  the  iron  lifter  a  b  is  suddenly  removed  from  the  poles  of  the  magnet,  a 
<urri;nt  of  electricity  is  induced  in  the  coil,  contact  between  tine  wires  in  the 
tube  is  is  broken,  a  spark  appears,  and  the  gases  are  immediately  exploded. 

(177)  Tiie  Magneto-electric  Machine.  —  The  first  instru- 
ment by  which  a  rapid  succession  of  spnrks  could  be  obtained  from 
a  permanent  magnet  was  invented  by  Ilipolyte  PixM,  of  Paris, 
and  was  first  made  public  at  the  meeting  of  the  Academy  of 
Sciences,  on  Sept.  3,  1832.  In  June  1833,  Mr.  Saxton  exhibited 
his  improvement  on  Pixii's  machine,  and  in  1835  he  added  to  the 
machine  the  double  armature,  with  which  he  could  produce,  at 
pleasure,  brilliant  sparks  and  strong  heating  power,  or  violent 
shooki  and  chemical  decomposition. 

Sax  km 'b  machine,  as  at  present  constructed,  is  Bhown  in  Fig. 
247.  Figs.  248,  249,  250, 151  j  252,  253  show  the  different  arrange- 
ments, and  their  application  to  illustrate  various  electrical  pheno- 
mena. The  letters  in  Fig,  247  answer  to  the  same  in  the  other 
figures  1 — 

a  is  a  compound  horseshoe  magnet,  composed  of  six  or  more  bars,  and 
supported  on  the  restaur,  which  nre  screwed  firmly  on  (lie  board  a  i>;  into 
the  rest  e  is  screwed  the  brass  pillar  c,  carrying  ihe  large  wheel  /,  having  a 
groove  in  its  circumference',  mid  ■  handle  by  which  it  era  be  readily  revolved 
011  its  axis.  A  spindle  passes  from  une  end  of  the  magnet  to  the  Other, 
between  the  poles,  and  projects  beyond  them  about  thre*»  inches,  where  it 
terminates  in  a  screw  at  k,  to  which  the  armature-',  to  be  described  imme- 
diately, are  attached;  at  the  farther  extremity  ia  a  small  pulley,  over  which 
a  got  band  passes,  by  means  of  which,  and  the  multiplying  wheel  /,  tha 
armatures  can  be  revolved  with  great  rapidity, 

The  a r nurtures  or  inductors,  as  seen  ut  r,  are  nothing  more  than  eloctro- 
mngnets.  Two  pieces  of  round  iron  are  attached  to  a  cross  piece,  into  the 
centre  of  which  the  spindle  h  screws.  Bound  each  of  these  bars  is  wound  in 
a  continuous  circuit  a  quantity  of  insulated  copper  wire,  one  end  being 
soldered  to  the  disc  i,  tha  other  connected  with  the  copper  wire  passing 
through,  but  insulated  from  it  by  an  ivory  ring.  By  means  of  the  wheel 
and  spindle  each  pole  of  the  armature  is  brought  in  rapid  succession  opposite. 
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The  ijurmiity  armature  is  ndaptcd  for  exhibiting'  I  he  spark  (Fig.  147),  in- 
ducing magnetism  in  soft  iron  (Fig.  448),  heating  platinum  wire  (Fig,  249), 
igniting  charcoal  points  (Fig.  250),  scintillating  steel  on  a  Jile  (Fig.  251), 


Ac. 


Fig.  150. 


Fie.  i$t. 


fig.  iji, 


The  intensity  armature  is  best  adapted  for  administering  the  shock  (Fig. 
255),  and  for  effecting  chemical  decomposition  (Fig.  252). 

'\'he  Jinnd-cup  is  that  part  of  the  instrument  to  which  the  different  appa- 
ratus used  to  illustrate  the  various  phenomena  are  attached.    The  one  here 

Fig.  155. 


represented  can  be  used  either  with  or  without  mercury.  It  consists  of  a 
square  block  of  wood  supported  on  a  stand,  capable  of  being  raised  or  lowered 
to  the  height  required.  Two  hollows,  r  and  t,  are  made  on  the  top,  into 
which  mercury  is  put  when  th.it.  nudiuni  is  required,  the  round  metal  disc 
■  (Fig.  247)  revolves  in  *,  and  the  point  It  just  dips  into  r\  the  wire  fork  n 

x  2 
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rmmecls  the  I  wo  flood*  of  mercury  together.  On  revolving  the  armature,, 
cnntui  t  i*  continually  broken  and  renewed  at  the  point  k,  and  a  succession 
of  sparks  forming  almost  continuous  light  is  produced.  Two  pieces  of  itout 
brass,,  m,  hunt  at  two  right  angles,  are  fixed  to  the  skies  of  lite  wood  block, 
but  Insulated  from  each  other;  to  these  are  attached  binding  screws,  which 
answer  in  every  respect  the  same  purpose  as  mercury, 

i  i  7$  )  Application  or  Magneto-electricitjr  to  the  Produc- 
tion ot  Lipht.  Tin-  is  due  to  Mr.  Holmes,  who  exhibited  an 
effective  arrangement  for  the  purpose  in  the  International  Exhibi- 
tion of  1862,  which  is  time  described  in  the  Juror*'  Rtport: — 

'  The  currents  are  induced  by  the  rapid  passage  of  coils  of  copper 
wire  wound  round  soft  iron  cores,  between  the  pules  of  powerful 
Inn -cshoe  magnets.  The  alternately  inverted  currents  produced 
in  this  maimer  are  transmitted  by  means  of  a  commutator  in  one 
direction  only,  through  the  carbon  electrodes  of  an  electric  lamp 
Bomewhat  similar  in  principle  to  that  of  Duboscq  (131).  There  are 
eighty-eight  coils  arranged  on  two  parallel  rings,  each  containing 
forty-four  equally-spaced  bobbins;  the  rings  are  Axed  in  the  rim  of 
a  large  wheel,  about  five  feet  in  diameter,  the  axes  of  the  coils 
being  parallel  to  the  axis  of  the  wheel.  The  wheel  is  driven  at 
about  1 10  revolutions  per  minute.  The  horseshoe  magnets  are  fixed 
on  a  frame  round  the  circumference  of  the  wheel  in  three  planes  or 
rings  of  twenty-two  each.  The  two  poles  of  each  magnet  are  in 
one  and  the  same  plane  or  ring.  The  distance  between  their  poles 
is  equal  to  the  distmice  between  the  bobbins  or  coils.  The  magnets 
in  the  two  outside  rings  have  similar  poles  opposite  one  another. 
The  magnets  of  the  inner  ring  are  placed  with  opposite  poles  facing 
the  similar  poles  of  the  outer  rings.  The  two  outside  rings  have 
compound  magnets  of  four  plates:  the  magnets  of  the  inner  ring, 
between  the  two  sets  of  bobbins,  have  six  plates.  The  weight  of 
each  plate  is  six  pounds.  The  distance  between  the  successive  mag- 
nets corresponds  to  the  distance  between  the  centres  of  the  coils, 
so  that  each  alternate  coil  has  a  core  magnetized  in  the  opposite 
direction,  but  the  wires  are  so  connected  that  the  currents  rlow  in 
the  same  direction.  The  length  of  the  hollow  iron  core  inside 
each  bobbin  is  3 J  inches;  its  external  diameter  1 J  inch  ;  its  inter- 
nal diameter  1  inch  ;  two  copper  wires  0-148  inch  diameter,  forty- 
live  feet  long,  are  wound  round  each  core,  and  connerti-d  in  double 
arc;  these  wires  are  equivalent  to  one  wire  0*2  inch  diameter  of 
the  i»me  length,  The  OOM  and  brass  bobbin  are  split  to  prevent 
useless  currents  outside  the  coils. 

As  the  wheel  revolves,  each  core  continually  changes  its  polarity 
as  it  passes  between  the  alternating  poles  of  successive  pairs  of 
magneU.     This  change  of  polarity  occurs  forty-four  times  for  each 
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coil  of  each  ring;  the  change  Ib  simultaneous  for  all  the  coils  in 
one  ring,  hut  the  moment  of  maximum  change  of  one  ring  corre- 
sponds to  the  moment  of  minimum  change  in  the  other.  All  the 
coils  of  each  ring  are  connected  in  series,  and  it  will  be  seen  from 
the  above  description,  that  each  ring  will  induce  forty-four  distinct 
currents,  each  due  to  forty-four  coils  during  ench  revolution  of  the 
■wheel.  The  coils  of  both  rings  are  connected  with  an  ingenious 
commutator,  by  which  they  are  so  combined  that  the  induced 
currents  shall  continually  pass  in  the  same  direction  through  the 
carbon  electrodes  of  the  lamp,  although  passing  in  four  distinct 
successive  combinations  through  the  coils. 

As  already  stated,  the  maximum  current  from  one  ring  corre- 
sponds with  the  minimum  current  from  the  other,  and  as  each 
current  lasts  a  very  sensible  time,  during  which  it  gradually  rises 
and  fulls,  their  combination  does  not  simply  produce  twice  the 
number  of  sparks  that  would  be  obtained  from  one  ring  of  coils, 
but  a  nearly  constant  and  uniform  current,  iu  which  the  fall  of 
the  current  from  one  series  of  coils  is  almost  exactly  compensated 
by  the  rise  of  the  current  from  the  other.  As  each  revolution 
induces  eighty-eight  distinct  currents,  the  machine,  when  driven 
at  the  speed  mentioned,  sends  9,680  currents  through  the  carbon 
electrodes  of  the  lamp  every  minute.' 

1  [ulmes's  magneto- electric  machine  and  lamp  have  been  in  suc- 
cessful operation  at  Dungeness  Lighthouse  since  June  1863,  ex- 
clusively in  the  bands,  and  under  the  care  of,  the  Trinity  House. 

The  visible  conversion  of  mechanical  work  into  heat  and  light, 
by  the  agency  of  electricity  in  this  machine,  gives  an  interesting 
example  of  the  transformation  of  energy.  The  excess  of  power 
required  to  drive  the  machine  when  the  electric  currents  are 
closed,  is  stated  to  he  very  sensible.  One-and-a-quarter  horse 
power  is  required  to  drive  the  machine  when  the  light  is  in 
action. 

The  application  of  the  magneto -electric  machine  to  electro- 
plating has  already  been  alluded  to  (115).  A  machine  origin- 
ally intended  for  the  production  oi  illuminating  gas  by  the 
decomposition  of  water,  was  shown  at  the  International  Exhibition 
of  1862,  by  Shepard.  The  arrangement  of  magnets  and  coils  is 
very  similar  to  that  of  Holmes,  but  it  could  not  be  worked  at  a 
profit  as  a  gas  generator 

(179)  Application  of  the  Magneto-electric  Machine  to  the 
Usplosion  of  Mines  and  Submarine  Charges. —  { Ilfj>ort  t<>  Ihr 
Hm-rt'irii  of  State  for  War,  by  V.  Wheatdone,  JF.li.S.,  and  J**.  A. 
Ahd,  F.Ji,S,r  on  (In-  application  of  Electricity  from  different  sources 
to  the  Explosion  of  Gunpowder)  : — 
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r.    77ie  Magnetic  '  Rrpioder,' — This  instrument  (which  1 

cestilf  ban  randarad  still  more  ef!f-<  ii\  I  I ■•.  W'lieat- 

erone;  it  effects  the  ignition    at  one    time   of  fan  DC   in 

BinCDBX  from  bWS  to  toft ntv-liw,  under  certain  conditions.  It 
consists  of  U  smnll  magnate,  to  the  poles  of  which  are  fixed  soft 
iiMii  1  liirs.  SOBDUZUwd  l»v  roils  of  i  1 1  s-i 1 1  ji t ■  -< I  wire.  The  coild  of  ail 
the  magnet*  itiv  unit  rso  as  to  form  with  the  externa]  wire 

and  the  earth  a  single  circuit.     An  axis  carries  six  soft  iron  arma- 
tures in  succession  1>-  of  the  coils.     By  this  iirrun^i-ini  nt, 
two  advantage!  are  prised  :  nil  tin-  magnate  simultaneously  chnrge 
the  wire,  and  produce  l  In-  affect  of  a  single  magnet  of  more  than 
six  times  the  dimensions  i   find  at   the  same  time  six  shocks  re- 
current- nrr  generated  daring  a  single  revolution  of  th 
ilmt  when  aided  by  a  multiplying  motion  applied  to  th«-  aari 
Tery  rapid  succession  of  powerful  currents  is  produced.     Another 
peculiarity  of  this  apparatus  is,  that  the  coils  are  si, itionan ,  and 
•  -it  iron  armatuvea  alone  are  in  motion  ;  by  this  disposition  tie 
circuit  during  the  action  of  the  machine  i*  never  broken. 
This  ingenious  instrument  is  shown  in  Figs.  15+  and  155,  one  of 

Fiff.  154. 


~ 


the  magnets  having  been  removed  to  show  the  arrangement  of  the 
armature,  &c. 
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a.  AM*  Magnet  Fuzes. — The  tuze  for  mining  purposes  consists 
of  a  head  which  is  of  boxwood,  containing-  three  perforations  (Figs. 

F*s.  ajj. 


256  and  357);    one,  passing  downwards  through  the   rrntiv 
ceives  about  two  inches  of  double  in- 
sulated    copper  wire  a,  enclosed    nde         Jig.  ays. 
b}'  side  at  a  distance  of  one-sixteenth  _/Mt_        Fte.  *57. 

of  an  inch  in  n  coating  of  gutta-percha  ; 
the  other  two  perforations,  which  ore 
parallel  to  each  other  on  each  side  of 
the  central  one,  and  at  right  angles  to 
ii,  serve  for  the  receptinn  of  the"  circuit 
wires.  The  arrangement  for  securing 
the  connection  of  these  with  the  insu- 
lated win's  in  the  i'nzes  ii  ns  I'lillows  :  — 
The  piece  of  double  covered  wire 
above  referred  to  is  original!;  ofdsufii- 
length  to  allow  of  the  gutta-percha 
being  removed  bom  uWit  one-and-a- 
half  inches  of  1  ho  wires.  These  bare  ends  of  the  fine  wires,  which  are 
made  to  protrude  from  the  top  of  the  fuze-head,  are  theu  pressed  into 
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Might  grooves  in  tke  wood  provided  for  their  protection,  and  the 
DXtromitj  ofoftch  IB  panacd  into  one  of  the  horizontal  perforations 
111  tin-  In-ad,  in  which  position  it  is  afterwards  fixed  by  the  in- 
troduction into  the  hole  of  a  tightly-fitting  piece  of  copper  tube, 
!  i  that  the  wire  is  firmly  wedged  between  the  wood  and  the 
exterior  of  this  tube,  and  thus  at  the  same  time  brought  into  dose 
run  tun  t  with  a  ruinpuratively  large  surface  of  metal.  It  will  be 
seen  that  it  is  only  necessary  to  fix  one  of  the  circuit  wires  into 
each  of  these  tubes  in  the  opposite  sides  of  the  fuze-head  in  order 
to  ensure  a  sufficient  and  perfectly  distinct  connection  of  euch  one 
of  them  with  one  of  the  insulated  win  m  in  the  fuze. 

The  extremity  of  the  double  covered  wire,  which  protrudes  to 
the  distance  of  about  three-quarters  of  an  inch  from  the  bottom  of 
the  fuze-head,  is  provided  with  a  clean  sectional  surface,  by  being 
cut  with  a  pnir  of  sharp  seizors,  care  being1  taken  that  the  extre- 
mities of  the  fine  copper  wires  are  not 
Fig.  258.  tig,  159,         pressed  into  contact  by  this  operation. 

A  small  cap  of  about  half  an  inch  in 
length  i.s  then  constructed  of  thick  tin- 
foil, iii to  which  is  dropped  about  one 
grain  of  the  priming  material.  The 
double  wire  is  then  inserted,  and  pressed 
firmly  down  into  the  cap,  so  that  the 
explosive  mixture  is  slightly  compress- 
ed, and  in  close  contact  with  the  sur- 
faces of  the  terminals.  The  cap  being 
secured  with  twine,  the  fuze  is  ready 
for  enclosure  in  a  small  charge  of  gun- 
powder. The  powder  is  contained  in  a 
paper  case  tied  on  to  the  head,  or  iu  a 
cylinder  of  sheet  tin,  tightly  fitting  09 
tho  fuze-head  at  one  end;  the  other, 
after  the  introduction  of  the  powder, 
being  closed  with  a  plug  of  clay  or 
plaster  of  paris  (Figs.  258  and  159). 
The  fuzes,  as  they  are  manufactured,  are  fitted  with  two  pieces  of 
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covered  wire  twisted  together  (Fig,  afio),  which  are  tightly  fixed 
into  their  proper  positions  by  forcing  a  short  pin  of  copper  wire 
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into  the  holes  of  the  fuze-head.     They  are  thus  ready  for  insertion 
into  the  hag  ov  other  receptacle  containing  the  charge  of  gun- 
powder, the  ends  of  the   covered  wires  protruding 
from  the  opening  of  the  latter  to  a  convenient  dis-        Fig.  261. 
tancc,  for  effecting  the  junction  with  the  hranch  and 
earth  wires,  11 

The  fuze  for  firing  cannon  (Fig.  *6i )  differs  some- 
what in  construction  from  the  mining  fuze.  The 
head  is  somewhat  longer,  and  of  such  a  form,  that 
the  double  covered  wires  are  completely  enclosed  in 
it,  the  lower  extremity  of  its  central  perforation  still 
remaining  free  to  receive  the  top  of  the  quill  or  copper 
tube,  which  is  charged  with  gunpowder  in  the  same 
manner  aa  the  ordinary  tube  arrangement  for  firing 
cannon. 

3.  The  Priming  Material.  —  When  a  copper  wire 
hns  been  covered  with  vulcanized  gutta  percha  for 
Bome  time,  the  surface  of  the  metal  becomes  co- 
vered with  a  layer  of  sulphide  of  copper,  which  is  a 
moderately  good  conductor  of  electricity.  It  was 
•'■'■■■  '■■■:'<[  by  ■  SL;uh;i:i],  :hat  Advantage  may  fa 
taken  of  this  fact'  to  construct  convenient  fuzes  for  firing  gun- 
powder. 

Let  A  a  (Fig.  26a)  represent  a  copper  wire  thus  covered,  bat  from  which 
the  upper  surface  of  the  coating  is  removed,  and  tiie  wire  interrupted  from 
a  to  h.  If  a  current  of  electricity  of  sufficient  intensity  be  caused  to  circu- 
late through  the  wire,  it  will  leave  ilia  wire  at  the  point  a  and  pass  through 
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the  sulphide  of  copper,  but  here  sufficient  resistance  will  be  set  up  to  ignite 
the  sulphide  :  consequently,  if  the  cavil}-  between  a  and,  b  be  filled  up  with 
gunpowder  or  guiK-otton,  it  will  take  fire.  This  fuze  was  successfully  em- 
ployed in  exploding*  mines  in  the  works  of  Cherbourg,  a  RuhmkortPs  coil, 
excited  by  two  of  Bunscn's  cells,  being  the  power  employed. 

With  a  Stathani's  fuze   charged   with  fulminate  of  mercurv, 

Colonel  Verdu  effected  a  simultaneous  explosion  of  six  mines  in 

the  circuit,  at  a  distance  of  300  metres  from  the  apparatus,  a  coil 
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excited  by  a  single  element  of  a  Bunsen's  battery  being  employed. 
It  was  found,  however,  by  Wheatetone  and  Abel,  that  the  electro- 
magnetic induction  machine  was  subject  to  considerable  irregu- 
larity ;  that  the  conductor  became  liable  to  derangement  in  the 
transport  of  the  apparatus,  and  that  the  apparatus  was  so  liable  to 
injury  from  such  a  variety  of  causes,  as  not  to  be  recommended 
with  confidence  for  field  purposes ;  they  therefore  suggest,  in  pre- 
ference, the  magneto-electric  machine. 

.  The  ignition  of  gunpowder  by  the  direct  magneto-current  cannot 
be  effected  with  any  degree  of  certainty,  and  even  Statham's  fuzes 
cannot  be  depended  upon.  The  priming  material  discovered  by 
Abel,  which  greatly  exceeds  in  sensitiveness  any  other  composition, 
is  prepared  by  reducing  separately  to  the  finest  possible  state  of 
division,  sub-phosphide  of  copper,  svb-sulphide  of  copper,  and  chlorate 
of  potassa,  and  then  mixing  these  powdered  substances  very  inti- 
mately in  the  proportions  of  10  parts  of  the  first,  45  of  the 
second,  and  1 5  of  the  third,  by  rubbing  them  well  together  in  a 
mortar,  with  the  addition  of  sufficient  alcohol  to  thoroughly  moisten 
the  mass.  The  mixture  is  afterwards  carefully  dried,  and  may  be 
safely  preserved  in  close  vessels  till  required. 

4.  Verdus  Rheotomic  Arrangement  of  the  Charges. — The  dis- 
charge from  the  induction  coil  machine,  unlike  that  from  the 
Leyden  jar,  which  will  pass  through  several  hundred  solutions  of 
continuity,  producing  a  spark  at  each  interruption,  becomes  bo 
enfeebled  by  successive  interruptions  in  the  metallic  circuit,  that 
it  is  impracticable  to  ignite  with  certainty  a  number  of  charges  in 
one  circuit  beyond  certain  limits,  which,  with  Statham's  fuzes,  are 

very  narrow.      Verdu, 
Fig.  i6j.  therefore,  arranged  the 

mines  to  be  fired  in 
groups,  so  that  each 
group  formed  a  special 
circuit;  by  then  bring- 
ing each  circuit  in  very 
quick  succession  in  con- 
nection with  the  instru- 
ment, the  mines  were 
discharged  with  a  ra- 
pidity which  had  the 
practical  effect  of  a 
simultaneous  discharge. 
One  of  the  arrange- 
ments adopted  is  shown  in  Fig.  263,  where  c  represents  a  wire 
"onnectdng  one  pole  of  the  induction  coil  with  an  instrument  d, 
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called  a  rheotome,  the  other  pole  being  connected  with  the 
earth.  The  rheotome  is  provided  with  binding  screws  for  receiv- 
ing the  separate  wires  &,  which  lead  to  the  mines  m.  These 
screws  are  fixed  into  small  copper  plates  isolated  from  each  other, 
being  either  let  into  the  wood  or  separated  by  strips  of  glass.  The 
wire  c  from  the  coil  machine  is  in  connection  with  a  sort  of  metallic 
finger/,  which,  by  means  of  an  insulating  handle,  may  be  made  to 
describe  a  semicircle  with  any  degree  of  rapidity  that  may  be  re- 
quired ;  and  as  its  one  extremity  presses  firmly  upon  the  instru- 
ment at  a  point  near  any  one  of  the  binding  screws,  it  is  brought 
alternately  into  contact  with  the  several  small  plates  with  which 
they  are  connected,  thus  bringing  them  (and  therefore  the  mines) 
into  connection  with  the  coil  machine.  The  wires  tf  and  the  plates 
of  metal  e  connected  the  charges  and  the  coil  machine  with  the 
earth. 

5.  Sawre'a  Arrangement  of  the  Charges  in  Divided  Circuits. — 
By  dividing  the  circuit  into  branches,  over  the  whole  of  which  a 
current,  or  a  rapid  succession  of  currents,  are  distributed  on  the 
completion  of  the  circuit,  as  was  first  suggested  by  M.  Savare,  a 
method  of  securing  a  practically  simultaneous  discharge  of  a  num- 
ber of  mines  more  effective  than  the  so-called  rheometric  arrange- 
ment of  Verdu  is  obtained. 

The  arrangement  is  shown  in  Fig.  264  (the  letters  of  reference 
in  which  correspond  in  their  meaning  to  those  in  Fig.  263),  the 
principal  difference  is  that 


Fig.  £64. 


the  rheotome  is  dispensed 
with,  and  the  wires  are 
connected  directly  with  the 
wire  leading  to  the  ma- 
chine. On  interposing  one 
or  more  fuzes  in  each 
branch  of  the  circuit,  those 
which  happen  to  offer  the 
greater  facilities  in  their 
construction  to  the  pas- 
sage of  the  current  will 
explode  first,  and  the  fuzes 
being  so  constructed  that 
the  terminals  of  the  wire 
in  them  are  forced  apart  by  the  explosion,  or  fused  by  the  heat  ge- 
nerated, the  further  passage  of  the  current  in  that  direction  is 
prevented,  and  the  remaining  fuzes  are  in  their  turn  exploded. 
Experiments  with  this  mode  of  discharge  were  first  made  at 
Grenoble  in  1854. 


316 


MAQNETO-ELECTHICITT. 


It  was  found  by  Wheetstone  and  Abel  tbat  even  with  the 
sensitive  detonating  mixture  discovered  by  the  latter,  the  current 
obtained  from  a  powerful  magneto-electric  machine  was  very 
limited  in  its  powers  when  applied  to  the  ignition  of  several  charges 
arranged  mi  mtixemw  in  one  circuit ;  hut  by  arranging  the  charges 
in  divided  circuits,  the  ignition  of  twenty-five  charges  could  be 
with  certainty  effected  by  the  current  obtained  from  a  small  horse- 
shoe magnet,  7  inches  in  length,  1  inch  in  brendth,  nnd  ij  inches 
in  thickness,  provided  with  a  revolving  armature  and  multiplying 
wheels,  Rnd  by  means  of  Wheatstone'a  magnetic  exploder  (Hgflt 
254,  155),  twenty-five  charges  could  be  fired  in  divided  circuit  with 
such  rapidity  that  the  effect  on  the  ear  was  as  of  one  explosion. 

(180)  Theory  of  the  Magneto-electric  Machine. — As  often 
as  the  bent  ends  of  the  armatures  or  inductors  F,  F,  F(Figs.  247,  248, 
249 >  are  by  the  rotation  of  the  wheel  brought  opposite  the  poles  of  the 
magnet,  they  become  magnetic  by  induction  ;  but  being  soft  iron, 
they  lose  their  magnetism  when  they  are  in  the  position  shown  in 
Fig.  247  ;  i.e.  Rt  right  angles  to  the  magnetic  poles.  Now  wa 
have  seen  (170)  tbat  at  the,  moment  of  the  induction  as  well 
as  of  the  destruvtinn  of  the  magnetism  in  an  iron  bar  surrounded  by 
copper  wire,  currents  or  waves  of  electricity,  moving  however  in 
opposite  directions,  are  induced  in  the  wire,  if  the  circuit  be  com- 
plete; the  points  k  (Fig.  24.7)  are,  therefore,  so  arranged  that  they 
shall  leave  the  mercury,  and  thus  break  the  circuit  in  the  wire 
surrounding  the  armature  F,  at  the  moment  that  its  ends  become 
opposed  to  the  poles  of  the  magnet ;  for  which  purpose  they  must 
be  placed  at  nearly  right  angles  to  it:  the  circuit  is  thus  broken 
at  the  precise  moment  that  a  rush  or  wave  of  electricity  ia  deter- 
mined in  the  wire,  and  hence  the  electrical  effects  that  are  obtained. 

The  laws  which  regulate  the  magneto-electric  force  excited  by 
magnetism  in  the  induction  coils  have  been  investigated  by  Lenz, 
and  his  results  agree  with  those  which,  in  conjunction  with  Jacobi, 
be  bad  previously  found  to  regulate  the  intensity  of  the  electro- 
dynamic  force  excited  by  voltaic  currents. 

These  laws  are : — 

1,  That  the  magneto  -electric  energy  in  an  induction  spiral,  by  means  of 
magnetism,  is  equal  to  the  sum  of  the  electro-motive  forces  of  all  the  indivi- 
dual coils  of  the  wire;  this  is  in  accordance  with  the  fundamental  law  qf 
Ohm  (108). 

2.  That  with  equally  powerful  currents  the  magneto -electric  force  will  be 
nearly  proportional  to  the  number  of  coils,  the  thicknexs  of  the  wire  exerting 
no  influence  on  it ;  1 1 » - ■  intensity  will,  however,  be  slightly  diminished  by 
increasing  the  width  of  the  coils. 

(181)  The  Extra.  Current. — If  a  small  pair  of  voltaic  plates  be 
.moderately  excited,  and  a  small  short  wire  used  to  connect  its 
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mercury  cups,  no  spark,  or  only  a  very  minute  one,  will  be  per- 
ceived either  on  making  or  breaking  contact.  As,  however,  the 
length  of  the  connecting-wire  increases,  the  spark  becomes  pro- 
portionally brighter,  until,  from  extreme  length,  the  resistance 
offered  by  the  metal  begins  to  interfere  with  the  principal  result. 

If  two  equal  lengths  of  wire  be  taken,  and  one  ma»le  up  into  a 
helix  and  the  other  laid  out  upon  the  floor,  and  if  each  he  used  to 
connect  the  mercury  cups  of  a  small  battery,  a  very  great  difference 
will  be  observed  in  the  size  of  the  spark  afforded  by  ench  on  break- 
ing contact.  Suppose  the  length  of  each  to  be  60  feet,  the  wire 
laid  on  the  floor  will  give  a  small  bright  spark,  while  the  wire 
wound  in  a  helix  will  produce  a  brilliant  spark,  accompanied  by  a 
snap, 

Again,  to  render  the  fact  still  more  decisive,  let  100  feet  of 
covered  copper  wire  be  bent  in  the  middle  so  as  to  form  a  double 
termination,  which  can  be  connected  with  the  battery.  Let  one- 
half  be  wound  into  a  helix,  and  let  the  other  remain  in  its  extended 
condition  ;  use  these  alternately  as  the  connecting  wire,  and  the 
helix  will  be  found  to  give  by  far  the  strongest  spark, 

The  spark  and  the  snap  are  much  increased  when  a  bar  of  soft 
iron,  or  a  bundle  of  soft  iron  wires,  are  introduced  into  the  axis  of 
the  helix ;  the  reason  being,  that  the  iron,  which  becomes  mag- 
netized by  the  power  of  the  continuing  current,  loses  its  magnetism 
at  the  moment  the  current  ceases  to  pass,  and  in  so  doing  tends,  as 
we  have  already  seen  (171),  to  produce  an  electric  current  in  the 
wire  round  it. 

Now  we  have  already  seen  (171)  that  if  two  wires  be  placed  paral- 
lel to  each  other,  and  a  current  from  a  voltaic  battery  established 
in  one,  a  wave  of  electricity  in  the  same  direction  is  induced  in  the 
other  the  moment  the  current  ceases  to  flow  through  the  first. 
Under  these  circumstances  (the  second  wire  forming  a  complete 
circuit)  the  spark  on  breaking  battery  contact  is  very  feeble,  far 
leas  than  if  the  second  wire  were  away,  for  in  the  latter  case  the 
wave  which  on  breaking  contact  would  have  been  induced  in  the 
second  wire,  is  now  induced  in  itself. 

If  the  inductive  action  of  a  wire  a  foot  long  upon  a  collateral 
wire  also  a  foot  in  length  he  observed,  it  will  be  found  to  be  very 
small,  but  if  the  same  current  be  sent  through  a  wire  50  feet  long, 
it  will  induce  in  a  neighbouring  wire,  also  50  feet  long,  a  far  more 
powerful  wnve  of  electricity  at  the  moment  both  of  breaking  and 
making  contact ;  a  similar  effect  should  obviously  take  place  when 
the  conducting  wire  ia  also  that  in  which  the  induced  current  is 
formed;  hence  the  reason  why  a  long  wire  may  give  a  brighter 
spark  than  a  short  one.  although  it  may  cam-  less  electricity.     If 
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the  Ioiilt  wire  be  made  into  »  helix,  it  will  be  still  more  effective 
in  producing  sparks  on  breaking  contact,  for  by  the  imlin  li\v 
BctioO  of  the  convolutions  each  aids  its  neighbour,  and  is  aided  in 
turn,  and  the  sum  of  effects  is  in  consequence  greatly  tncrened. 

The  current  which  a  wire  thus  induces  in  itself  is  called  the 
f.iira  current,  that  produced  on  making  battery  cuntnct  is  in  direc- 
tion contrary  to  that  of  the  principal  current,  nnd  is  called  the 
inverts  extra  current;  that  produced  on  breaking  battery  contact 
is  in  the  same  direction  as  that  of  the  principal  current,  ami  in 
called  the  direct  extra  current. 

{183)  Henry'*  CoiU;  Secondary  Currents.—  The  waves  or 
currents  of  electricity  thus  induced  are  capable  of  giving  powerful 
sdioi-ks,  of  magnetising  steel  bars,  and  of  producing  chemical  de- 
..-ilinn : — 

Let  a  (Fig.  265)  be  a  ribbon  of  copper  covered  with  list  or  rfllc,  about  100 

feet  long  and  1  inch  wide:;  and  let 
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h  be  a  helix  of  fine  covered  copper 
wire  about  1,500  yards  long;  let 
6  be  placed  on  a,  a  plate  of  glass 
intervening;  let  the  experimenter 
grasp  the  metallic  bandlesattaclied 
to  the  ends  of  the  eoil,  whilst  an 
assistant  makes  and  breaks  contact 
between  the  ends  of  the  ribbon 
and  a  small  simple  voltaic  battery, 
powerful  shocks  will  be  experi- 
enced every  time  the  rupture  is  mode  and  the  contact  renewed,  which,  unless 
the  battery  be  very  small,  may  be  excruciating. 

Dr.  Henry,  of  New  Jersey,  to  whom  we  are  indebted  foT  a  very 
elaborate  investigation  of  the  phenomena  of  induced  electrical 
currents,  constructed  a  ribbon  coil  300  feet  long  and  i£  wide, 
and  helix  of  copper  wire  fiot  in  tics  long.  With  this  appar.it  u*, 
shocks  could  be  obtained  when  the  coil  and  the  ribbon  were  four 
feet  apart,  and  at  a  distance  of  twelve  inthes  they  were  too  strong 
to  be  taken  through  the  boil  v. 

II,  instead  of  the  helix  of  thin  copper  wire  h,  a  ribbon  similar  to 
a  be  employed,  then  powerful  shocks  can  no  longer  he  obtained. 
The  induced  current  has  the  properties  of  one  of  considerable 
qna»tity,  but  of  moderate  intensity.  Sparks  are  produced  when  the 
ends  of  the  secondary  ribbon  are  rubbed  together.  When  a  small 
coil  of  wire  enclosing  a  needle  is  interposed,  the  needlo  becomes 
magnetic ;  a  piece  of  soft  iron  is  temporarily  magnetized,  and  water 
is  decomposed. 

(183)   Currents  of  the  Third,  Fourth,  and.  Fifth  Orders. — 

Dr.  Henry  arranged  a  series  of  ribbons  and  coHb  in  the  manner 
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shown  in  Fig,  266.  On  transmitting  an  intermitting'  voltaic  cur- 
rent through  a,  a  secondary  current  is,  as  we  have  seen,  induced  in 
b,  placed  ut  a  distance  above  it.  Now  this  secondary  current,  by 
passing  through  the  third  ribbon  coil  c,  induces  a  current  of  the 
third  order  in  the  helix  d ;  and  this  coil  again,  by  passing1  through 
the  helix  e,  induces  a  current  of  the  fourth  order  in  the  ribbon  coil 
f,  as  is  proved  by  the  power  it  possesses  of  magnetizing  a  needle  in 
the  small  helix  g.  llenry  further  determined  that  there  existed 
an  alternation  in  the  direction  of  the  currents  of  the  several  orders, 
commencing  with  the  secondary  ;  it  was  as  follows  : — 

Primary  current  a  (on  making),  direct 

Si  L-i.iiidury  current  6  c  (on  making),  intent;  (on  brenlcing),  direct. 
Tertiary  current  d  e  (on  making),  direct;  (on  breaking),  interne. 
Quaternary  current/^  (on  making),  ivrerte;  (011  breaking),  direct. 

and  so  on,  currents  even  of  the  m-venth  order  having  been  obtained, 
the  successive  currents  being  alternately  direct  and  reverse. 


Fig.  **• 


The  current  induced  /  by  the  helix  g  is  cine  of  quantity  ;  but 
the  effects  of  the  induced  tertiary  currant  in  <I  arc  those  of  inten- 
sity, and  by  grasping  metallic  bandies  attached  to  the  ends  of  that 
helix,  shocks  may  be  received.  Thus  a  quantity  current  may  be 
induced  from  one  of  intensity  and  the  converse.  Henry  found  also 
that  on  inta&poBJag  a  screen  of  any  conducting  substance  between 
a  and  b,  no  secondary  currents  could  be  obtained:  a  circular  plate 
of  lead,  for  instance,  caused  the  induction  in  h  almost  entirely  to 
disappear  ;  but  when  a  slip  of  the  metal  was  cut  out  in  the  direc- 
tion of  a  radius  of  the  circle,  the  induction  was  not  in  the  least 
interfered  with. 

Again,  the  coil  b  being  placed  upon  a,  with  the  two  ends  sepa- 
rated, and  on  the  coil  the  helix  d,  shocks  could  be  obtained  from 
the  latter  as  if  the  coil  were  not  present ;  but  when  the  ends  of  b 
were  joined,  so  as  to  form  a  perfect  metallic  circuit,  no  shocks 
could  be  obtained.  These  effects  were  referred  by  Henry  to  the 
changes  in  the  direction  of  the  induced  currents;  the  secondary 
current  which  ia  induced  in  the  screening-plate  or  closed  ribbon 
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cefi,  io,  on  breaking  contact,  in  the  same  direction  na  toe  current 
6<*n  th«  battery ;  it  nevertheless  tends  Jo  induce  a  current  in  the 
adjacent  conducting  matter  in  a  contrary  dilution.  A  similar  re- 
action, as  it  were,  may  be  observed  by  placing  on  a  flat  ribbon  coil 
another  similar  coil,  and  then  taking  the  shock  from  the  first  whan 
the  end*  of  the  second  are  joined,  the  intensity  will  be  found  to  be 
greatly  diminished  |  although,  if  the  ends  of  the  second  coil  be  nnt 
joined,  no  difference  in  the  intensity  of  the  shock  will  be  per- 
wivrd. 

liS+>  Bleetro -magnetic  Coll  Machine*. — The  instruments 
that  have  been  constructed  for  the  exhibition  of  the  intense  i ■; 
trical  currenta  or  waves  obtained  by  magneto-  and  rolta-electric 
induction,  have  assumed  a  variety  of  forms,  and  tbe  battery  con- 
tact i&  broken  and  renewed  in  a  variety  of  ways.  Some  of  these 
machines  are  shown  in  Figs.  167,  268,  269,  and  270. 

la  Fig.  167  the  primary  coil  is  about  35  feet  long, and  the  secondary  shout 
1.4.00  Iftil  ;  Lattery  contact  [3  broken  anil  re- 
vtw  ^  newed  by  the  rotation  of  a  soft  iron  bar  f>, 

which,  mounted  between  twobmss  pillars,  is 
Mtuuieil  immediately  over  the  axis  of  tbe  coil 
in  which  is  placed  a  bundle  of  soft  iron  wires. 
The  current  from  the  buttery  passes  through 
the  pillar  d  and  the  axis  carrying  the  iron 
bar,  and  contact  is  broken  mid  renewed  Ly 
the  point  1  dipping  as  h  revolves  into  and  out 

Fig.  z68. 


mercury  contained  in  the  brass  cup  g,  which  is  mounted  on  the  brnsa 

,1.  through  which  the  circuit  is  completed;  communication  with  the 

1    pair  is  established  through  (he  binding  screws  at  the  base  of  the 

apparatus. 

I,,  |?ig   zdS  the  current  from  the  battery  passes  from  the  binding  screw-  p 

,  wire  J,  which  terminates  in  a  small  disc  of  iron  arranged  immediately 

i.mlle  of  iron  wires  in   the  axis  of  the  coil,  from  which  it  is  prc- 

1  in oming  immediately  into  contact  when  the  machine  is  not    m 

ttUon.  by  ll"'  horirontal  spring  by  which  it  is  connected  with  the  wire  a. 
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The  binding  screw  c  is  connected  with  the  wire  h,  the  top  of  which  is  seen 
in  the  figure  rising  above  the  coil.  On  the  top  of  this  wire  is  a  horizontal 
slip  of  metal  tipped  with  platinum,  and  with  this,  by  the  action  of  the  spring, 
the  disc  of  iron  is  kept  in  BOBtAOt  Now,  when  connection  is  made  with  the 
battery  through  the  wires  p  and  c,  the  central  core  of  iron  wire  becomes  mag- 
netized, and  consequently  attracts  the  disc  of  iron,  thus  breaking  battery 
COOUoti  tin;  current  being  shut  off,  the  disc  of  iron  is  again  raised  by  the 
spring,  and  thus  contact  is  broken  and  renewed  with  amazing  rapidity. 

In  Fig.  269  the  contact  breaker  is  a.  curved  spring  c,  which  is  carried 
rapidly  round  by  the  multiplying  wheel  and  handle  d  striking  in  its  coarse 
against  the  notches  in  the  in- 
terior of  the  metallic  circle  l>.  _. 
This  circle  mu»t  have  an  odd 
nnmber  of  teeth  or  notches  in 
order  that  the  ends  of  the  S 
shaped  spring  may  produce  the 
spark  at  the  opposite  parts  of 
the  ring.  The  diameter  of  the 
ring  a  b  may  be  about  5  inches ; 
they  may  be  made  of  different 
we  tale,  and  secured  in  the  cir- 
cular rabbet  of  the  square  piece 
pf  wood  A  by  small  turn  but- 
tons, One  end  of  the  primary 
coil  is  in  communication  with 

Fig.  169. 


the  ring,  the  other  is  in  connection  with  the  binding  screw  b,  where  one  of 
the  battery  wires  is  to  be  fixed.  The  spring  e  has  a-inetallic  communication 
with  the  other  pole  of  the  battery  by  means  of  its  metallic  socket,  to  which  a 
wire  is  soldered  and  brought  down  to  another  connecting  piece  symmetrical 
with  t,  but  not  shown  in  the  figure;  ffsxn  the  usual  connecting  pieces  for 
administering  the  shock,  &c  If  the  ring  has  a  diameter  of  II  inches,  and 
if  a.  tolerably  strong  battery  be  employed,  very  brilliant  effect!  are  produced, 
fig.  tjo  represents  Henley's  powerful  arrangement  of  the  eJectro-magnclic 
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coil  muchine.  A  is  a  serie*  of  U-shaped  bara  of  soft  iron,  wound  wiih  4  coils 
of  No.  14  covered  copper  wire  to  within  an  inch  of  cither  extremity!  over 
riiis  are  wound  1,000  yards  of  No.  34  covered  wire  in  one  continuous  length. 
b  ia  the  revolving  armature  which  routes  between  the  poles  of  the  mag-net 
Hand  on  an  axis,  the  lower  end  resting  on  a  hard  steel  cap.  the  upper  kept 
in  it*  position  by  a  screw  pausing  through  a  flat  piece  of  metal  mounted  on 
two  brass  columns,  o  ia  the  apparatus  for  breaking  contact,  consisting  of  a 
small  lever  a  suspended  00  a  pillar,  one  end  dipping  into  a  mercury  cup  /', 
and  the  other  provided  with  a  friction  roller,  running  on  an  undulating 
wheel  r,  the  prominent  part  of  which,  raising  the  end  of  the  lever,  dips  the 
other  end  into  the  mercury;  a  spring  d  raising  it  out  when  the  roller  falls 
on  the  lower  parts  of  the  wheel,  n  and  e  are  the  binding  screws  for  forming 
connection  with  the  battery;  the  opposite  screws  are  the  ends  of  the  second- 
ary coil.  On  the  same  side  of  the  base  as  the  last  (not  seen  in  the  wood- 
cut) is  on  ivory  knob  which,  being  turned,  connects  the  ends  of  the  secondary 
coil,  either  to  diminish  the  primary  -ipark,  as  the  armature  will  then  rotate 
for  hours  without  burning  the  mercury,  or  to  prevent  the  operator  from 
receiving  an  unpleasant  shock  while  adjusting  the  instrument.  With  an 
intensity  series  of  8  cells  of  Smee's  Lattery,  the  secondary  current  produces 
a  spark  passing  through  one -eighth  of  an  inch  of  air,  and  with  10  cells  of 
the  nitric  acid  battery,  the  spnrk  is  one-fifth  of  an  inch  In  length,  and  bril- 
liantly deflagrates  gold  and  silver  leaf. 

This  instrument,  from  the  facility  which  it  affords  for  uniting  and  dis- 
uniting the  ends  uf  the  secondary  wire,  is  well  adapted  for  demonstrating 
the  iii'liirliou  and  reaction  of  electrical  currents. 

NumermiB  other  forma  of  the  electro-niRgnetie  coil  machine  hsiv 
been  devised,  principally  for  the  medical  administration  of  elec- 
tricity i  but  m  the  principle  is  the  same  in  all,  it  ia  unnecessary  to 

Dm  iIiimii. 

(  1851  XtubmkorfTi  Induction  Coll. — In  the  year  1843,  MM. 
Masson  and  Breguet  constructed  a  coil  with  which  they  obtained 
a  spark  between  the  terminals  of  the  secondary  coil  in  vaeuo,  and 
also  ignited  platinum  wire  ;  hut  from  the  imperfect  way  in  which 
the.  wire  was  insulated,  they  could  not  obtain  a  sensible  spnrl<  in 
free  air,  though  they  succeeded  in  charging1  a  condenser.  About 
the  same  time  Mr.  Hoarder  constructed  a  coil  with  which  sparks 
could  he  obtained  in  air,  nnd  Leyden  jars  charged, 

In  1851,  M.  Iluhmkorff  brought  the  induction  coil  to  far  greater 
perfection  than  it  had  hitherto  attained,  by  paying  the  greatest 
attention  to  the  insulation  of  the  secondary  wire,  which,  after 
being  covered  with  silk,  was  surrounded  with  a  layer  of  guin  lac, 
mid  the  ends  attached  to  glass  columns  fixed  on  the  base-board  of 
the  instrument,  lie  likewise  incrensed  considerably  the  length  of 
the  coil,  diminishing  at  the  same  time  its  thickness,  having  found 
experimentally  that  the  inductive  effects  of  the  apparatus  are  in- 
■d  in  proportion  as  the  number  of  the  spirals  ia  augmented. 
!ius  constructed,  the  instrument  exhibited  extraordinary  ell- 
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brilliant  sparks  were  not  only  obtained  at  tbe  points  of  disjunction, 
but  also  between  the  wire  and  «  conducting  body  in  eonimuni.a- 
tion  with  the  earth,  whilst  in  vacuo  a  brilliant  and  continuous 
stream  of  *t ratified  lir/hf.  was  produced.  By  interposing-  in  the  cir- 
cuit of  the  primary  or  inducing  wire  a  single  condenser,  as  recorr- 
m ended  by  Fizeau,  a  further  augmentation  of  power  was  obtained  : 
the  sparks  in  the  free  air  were  increased  to  nearly  three-fourths  Wf 
an  inch  in  length,  and  were  accompanied  with  a  snapping  noisu, 
while  the  power  of  the  shocks  was  exalted  to  such  a  degree  as  to 
be  excruciating,  and  even  dangerous. 

Ilnhmkorll's  improved  induction  coil  is  shown  in  Fig.  271. 
The  bobbin  is  arranged   horizontally;    tbe  core  is  of  thin  curd  board : 
will   the  ends  nire  cither  nf  glass,  or  of  wdl-vamiahed  wood,  or  of  gutta 
pen  ha.     The  primary  coil  u  a  well-insulated  wire  of  about  0-078  inch  in 

Fig.  m . 


diameter;  the  secondary  is  a  fine  thin  wire  (No.  36  of  commerce).  The 
extremities  of  tbe  latter  pass  through  tubes  of  gla*s  at  the  end  of  the  bobbin, 
if  the  ends  arc  made  of  wood,  but  simply  through  holes  drilled  in  them  if 
they  are  of  glass  or  gutta  percha.  In  tbe  figure  the  extremities  of  the  Chid 
coil  are  attached  to  the  column  1,  o,  while  the  ends  of  the  fine  wire  are  in- 
serted in  the  brass  caps  11  c,  insulated  Dn  glass  columns.  Tin;  wires  leading 
from  the  voltaic  battery  aro  attached  to  the  screws  A  u  on  either  aide  eti  the 
commutator. 

Tkt  Commvtator  —  This  important  part  of  the  instrument,  k  l,  is  com- 
posed of  a  cylinder  of  ivory  supported  between  two  copper  uprights.  On 
this  cylinder  are  fixed  by  screws  of  unequal  size  two  metallic  pi atea  a  c,bd, 
made  slightly  convex.  The  largest  screws,  a  and  tt,  passing  through  the 
ivory,  are  inserted  into  the  bra.ss  cylinders  g  and  E;  the  smaller  screws,  CD, 
.ire  merely  sunk  into  the  ivory,  the  copper  uprights  are  in  communication 
with  tbo  plates  »  and  o  of  the  inducing  circuits.  On  turning  the  button  p, 
suppose  the  plate  b  d  to  be  brought  into  contact  with  the  spring  r  in  cmi- 
miinication  with  the  positive  pole  of  the  battery,  the  current  will  j  1 
in  the  direction  of  the  arrows,  entering  the  cylinder  e  along  re,  descend laj 
k  L,  and  traversing  the  coil  through  m,  will  re-enter  the  commutator  through 
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o,  and  rising  up  h  into  Ihe  cylinder  a,  ■will  proceed  through  the  screw  A, 
completing  the  circuit  by  a  0  in  communication  with  the  negative  pole.  If, 
on  the  other  band,  the  plate  b  d  touch  the  spring  in  communication  with 
the  negative  pole,  il  is  easy  to  see  that  the  direction  of  the  current  through 
the  coil  mast  be  reversed. 

The  Interrupting  Apparatus. — ThiH  is  shown  in  Fig.  272,  w  is  the  fasci- 
culus of  iron  wires  in  the  axis  of  the  coil ;  ed  is  .1  lever  terminated  by  a 
plate  of  iron  d,  called  the  hammer ;  a  a  is  a  spring  terminated  by  a  mmttvc 
piece  of  copper  b,  called  the  anvil.  The  screw  A  is  connected  with  one  of 
the  metallic  strips  which  convey  the  current  to  the  primary  coil.  The  ends 
a  and  f,  of  the  hammer  and  anvil,  are  tipped  with  finely-polished  platinum. 
The  end  of  the  lever  k  d  drops  into  a  slit  in  the  upper  end  of  the  column 
a  I;  one  end  of  the  priraaiy  coil  enters  the  column  at  11.  The  operation  of 
this  interrupter  its  sufficiently  obvious:  as  long  as  the  anvil  and  hammer 
remain  in  contact  the  current  is  closed  ;  but  under  the  influence  of  the  cur- 
Fig,  17s. 
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rent  the  fasciculus  of  iron  wires  becomes  magnetic,  and  the  iron  head  of  the 
hammer  ia  attracted ;  the  current  is  thus  interrupted,  but  at  the  same  moment 
the  iron  wires  lose  their  magnetism,  and  the  hammer  falls  again  on  the  head 
of  the  anvil;  this  act  restores  contact,  the  hammer  is.  again  attracted  by  the 
remngnetized  iron,  and  thus  the  current  is  interrupted  and  renewed  with  a 
rapidity  the  greater  as  the  distance  between  the  hammer  and  anvil  ia  less. 

The  Condenser.—  This  invention  of  Kjzeau  was  adapted  to  his  coil  with 
great  effect  by  Ruhnikorfl.  It  consists  of  two  sheets  of  tin-foil  pasted  on  either 
side  of  a  band  of  varnished  silk,  about  12  feet  long,  and  folded  between  two 
other  bands  of  the  same  silk,  the  whole  being  introduced  into  the  interior  of 
the  wooden  frame  of  the  instrument.  The  coatings  of  this  condenser  are  in 
contact  with  o  H  (Fig.  171). 

The  condenser,  linn,  is  a  modification  of  the  Lcyden  jar,  but  its 
functions  are  not  clearly  understood.  According  to  Fizeau,  it 
condenses  and  destroys  by  a  ttatie  effect  the  electricity  of  tension 
or  induction,  which  gives  rise  to  an  extra  current  in  the  induction 
wire,  and  -which  reacts  on  the  induced  current  in  the  secondary 
wire  in  11  direction  contrary  to  that  of  the  voltaic  current.  The 
condenser,  by  absorbing  the  extra  current,  not  only  prevents  its 
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injurious  action  on  the  contact  breaker,  but  becomes  itself  char 
erne  coating  with  positive  and  the  other  with  negative  electricity  f 
these  two  electricities  recouibine  immediately  through  the  primary 
and  battery,  giving  rise  to  a  current  contrary  to  that  of  the 
latter,  the  consequence  of  which  is  the  instant  demagnetization  of 
the  iron  core,  and  the  production  of  an  exceedingly  intense  wave 
of  induced  electricity  of  momentary  duration.  According  to 
Faraday,  the  action  of  the  condenser  is  to  diminish  the  intensity 
of  the  inducing  current  at  the  moment  when  it  would  otherwise 
produce  injurious  results.  At  the  first  moment  of  the  birth  of  a 
current  in  the  wire,  lateral-  induction  is  brought  about  at  the  BI- 
pense  of  the  direct  induction  in  the  body  of  the  wire,  but  as  soon 
M  the  former  has  attained  its  maximum,  the  latter  (that  of  the 
wire)  becomes  proportional  to  the  intensity  of  the  battery.  Thus 
on  connecting  the  two  coatings  of  a  Leydeu  phial  by  a  long  insu- 
lated wire,  and  presenting,  near  the  points  of  its  attachment  to  the 
armatures,  the  two  ends  of  another  wire  so  near  that  the  resistance 
of  the  air  shall  be  less  than  that  of  the  wire,  a  great  part  of  the 
discharge  will  take  place  across  the  air ;  but  if  the  wire  bo  in  con- 
tact with  one  of  the  coatings  of  a  condenser,  then  no  spark  will  be 
perceived  between  the  points  ;  and  it  1b  for  a  similar  reason  that 
the  spark  of  the  interrupter  in  RtiiimkorJTs  apparatus  is  sensibly 
enfeebled. 

The  condenser  does  not  increase  the  quantity  of  electricity  set  in 
motion  in  the  secondary  wire,  as  may  be  proved  by  the  galvano- 
meter, but  it  does  vastly  increase  its  intensity,  as  is  demonstrated 
by  its  physiological  effects,  and  by  the  length  of  the  spark  between 
the  terminals. 

Great  improvements  hnve  been  made  on  the  original  induction 
coil  of  Ruhmkorff;  by  the  inventor  himself;  by  llenrder,  Bentley, 
and  I -add,  in  this  country  ;  and  by  Ritchie,  in  America.  These 
improvements  have  been  based  on — 1.  a  special  attention  to  the  in- 
sulation and  arrangement  of  the  secondary  coil ;  z.  on  the  increase 
in  the  size  and  arrangement  of  the  condenser;  and  3.  on  the 
method  of  breaking  and  renewing  batten*  contact 

A  good  form  of  self-acting  contact  breaker  for  small  coils  is  that 
devised  by  Lndd,  which  is  constructed  with  the  object  of  giving 
the  operator  the  means  of  setting  up  a  greater  or  less  resistance  to 
the  attractive  force  exerted  by  the  magnetic  iron  core. 

Tin's  is  accomplished  by  attaching  the  hammer  to  a  stilt*  spring  placed 
vertically  ^asahown  in  Fig.  173)1  where  a  is  the  disc  of  iron  cappin 
end  of  the  iron  ;  a  the  iron  hammer  of  the  contact  breulter  surmounting  a 
stiff  spring  attached  to  a  brass  stand  screwed  lo  the  base-board  of  the  in- 
strument; c  is  a  little  projecting  nipple  tipped  with  platinum;  d  a  cone- 
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spending  little  ilisc  or  platinum  soldered  to  the  end  of  a  screw  which  passes 
through  the  top  of  a  brass  pillar  firmly  screwed  down  to  the  base-board  ; 
the  distance  between  d  and  t  can  be  regulated  with  the  greatest  nicety  by 
the  thumb-screw  e.  Now  when  c  and  d  are  in  contact,  and  the  commuta- 
tor is  turned  on,  the  battery  current  is  circulating  round  the  primary  coil ; 
the  fasciculus  of  iron  wires  becomes  magnetic  ; 
n  ia  attracted  to  A,  by  which  act  c  and  d  ore 
separated ;  battel  y  contact  is  hereby  broken,  and 
I  of  the  induced  current  are  obtained  at 
the  terminals  of  the  secondary.  Now  by  turning 
the  screw  </  the  point/ attached  to  its  urfl  may 
be  made  to  press  with  greater  or  less  force  on  (bi 
£  spring  supporting  the-  hammer,  thereby  keeping 

e  and  d  more  or  less  firmly  in  contact,  and  ne- 
cessitating a  corresponding  degree  of  magnetism 
of  the  fasciculus  to  part  the  platinum  discs;  when. 
however,  this  has  been  attained,  contact  with  the 
battery  is  instantly  broken,  and  the  hammer  is 
forced  back  with  violence  by  the  conjoint  action 
it  the  spring  and  screw,  d  and  c  again  come  into 
contact,  the  iron  core  again  becomes  magnetic, 
a  attracts  B,  and  the  battery  current  is  stopped,  c  is  again  forced  upon  d, 
und  so  on. 

Now  a  degree  of  pressure  may  be  exerted  on  the  spring  support  of  b  by 
the  screw  tf,  sufficiently  great  entirely  to  overcome  the  attractive  force  of  a  ; 
under  such  circumstances  the  instrument  is  of  course  passive,  but  by  relaxing 
to  a  certain  degree,  the  magnetic  power  of  the  core  just  overcomes  the  an- 
tagonistic force  of  the  spring,  and  then  it  is  that  the  moat  powerful  Into  tire 
effects  are  obtained,  evidently  because  Che  fasciculus  has  received  from  the 
battery  its  maximum  amount  of  magnetism,  which  it  loses  ins*nutuii<  i 
by  the  interruption  of  the  battery  circuit,  giving  rise  to  a  powerful  wave  of 
electricity  in  the  secondary  coil. 

(i36)  Xltchie'*  (American!  Arrangement  of  Jtahmk orft  ■ 
Induction  Coll. — One  of  the  most  powerful  instruments  For  the 
development  of  the  phenomena  of  induced  secondary  currents  that 
has  hitherto  been  constructed  is  that  probubly  made  by  Ritchie, 
a  philosophical  instrument  maker  of  Boston,  U.S.,  for  Mr.  Gassiot 
(Phil.  Mag.,  vol.  xv.  p.  4.66).  The  primary  wire  (No.  9  gauge)  is 
wound  in  three  courses  as  a  helix  150  feet  in  length  ;  the  interior 
bundle  of  wires,  which  are  very  carefully  annealed,  is  18  inches 
long  and  about  1 J  inches  in  diameter ;  the  primary  wire  has  a 
cover  of  putta  percha  one-tenth  of  an  inch  in  thickness,  passing 
through  the  basement,  to  a  plate  of  the  same,  to  which  it  ib  united  ; 
met  this  gutta  percha  a  glass  tube  passes.  The  secondary  helix  is 
divided  into  three  bundles,  each  5  inches  long,  wound  on  cylinders 
of  gutta  percha,  one-tenth  of  an  inch  thick;  the  wire  in  the  upper 
und  lower  is  of  No.  33  gauge,  each  15,575  feet ;  the  middle  is  of 
Xn.  v-  '-'unu'v.  22,500  feet;  forming  a  total  length  of  73,650  feet. 
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The  stratum  of  wire  iB  perpendicular  to  the  length  of  the  helix,  imd 
the  wire  ia  covered  with  silk. 

The  condenser  is  made  of  varnished  tissue-paper  of  three  thick- 
I  between  neb  stratum  of  tin-foil.  There  are  throe  I'omimaeni 
with' surfaces  of  about  50,  100,  and  150  feet;  by  means  of  screws 
these  can  be  used  separately  or  combined. 

The  contact  breaker  ia  raised  by  means  of  a  ratchet  wheel  turned 
by  the  hand,  which  acta  on  a  spring,  so  that  the  platinum  surfaces 
1  11 -li  freely.  The  upper  platinum  has  u  KHBW  mut  binding  nut; 
tlie  hammer  must  not  hear  too  heavily,  and  care  must  be  taken  tu 
adjust  the  screws  so  that  the  ratchet  wheel  works  well.  When 
ili.j  handle  is  turned  very  Blowly  the  contact  with  the  primary 
current  is  prolonged,  and  the  iron  core  becomes  highly  magnetized  ; 
the  suddenness  of  the  break  Inftantam-ously  developes  the  entire 
1  I- ■!■  of  the  induced  discharge,  not  only  giving  sparks  of  g) 
length,  but  of  a  remarkably  dens.'  character,  the  main  length  of 
lli.':  discharge  being  surrounded  by  a  sort  of  burr.  Jl'  the  velocity 
'i>:  rotation  be  increased  gradually,  the  discharge  as  gradually 
assumes  the  white  luminous  character  of  a  long  spark  taken  i'mm 
the  prime  conductor  of  an  electrical  machine ;  while  if  the  velocity 
of  the  rotation  is  still  further  increased,  the  luminous  discharge  in 
air  will  disappear,  for  there  will  then  not  be  sufficient  time  be- 
tween the  make  and  break  contact  to  magnetize  the  iron  core  no 
which  the  intensity  of  the  induced  discharge  mainly  depends. 

When  a  single  discharge  is  examined  by  Wheatatone's  revolving 
mirror,  it  is  seen  to  be  elongated,  but  not  divided ;  if  a  Lerden  jar 
be  introduced,  the  length  of  the  spark  is  reduced,  but  it  become*  ej,- 
ceedingly  bright  and  dense,  and  when  examined  with  the  revolving 
mirror,  it  is  resolved  into  two  separated  clearly  defined  sparks. 

The  maximum  effect  with  the  three  coils,  (iassiot  considers. 
would  probably  be  to  produce  a  spark  Ji/fn-n  inches  long,  but  he 
has  not  ventured  to  excite  the  coil  to  its  greatest  intensity.  With 
live  cells  of  the  nitric  acid  battery  (each  platinum  plate  being  4  x  8 
inches),  he  obtained  from  the  three  coils  sparks  or  Hashes  bM&M 
nnd a  quarter  inches  m  Ifiujtli;  from  two  coils,  of  10  inches;  and 
from  one  coil,  of  5  inches  in  length. 

The  method  of  coiling  the  secondary  wire,  beginning  with  the 
inner  circle  and  gradually  extending  to  the  outer  circumference 
1  in  the  manner  that  seamen  coil  ropes  on  the  deck),  and  continu- 
ing the  next  layer  from  the  outer  to  the  inner,,  and  so  on,  repeat- 
ing till  the  reel  is  completed,  secures  the  coil  fiom  the  risk  of 
disruption,  but  it  becomes  liable  for  the  discharge  to  pass  from  the 
internal  terminal  of  the  secondary  to  the  primm  v,  even  when  pro- 
tccted  by  a  glass  cover  and  thick  gutta  percha, 
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PtofemW  f  "iillan  uses  iron  wire  for  the  secondary  OOtl  B*  (!•*■ 
scribes  (Phil.  Mag.,  vol.  xvii.  p.  331)  a  coil  which,  though  only 
5  inches  long,  gives,  with  three  cells  of  the  cast  iron  battery,  each 
4  inches  square,  sparks  between  the  secondary  terminals  four  and 
one-eighth  inches  long. 

ItuhmkorfTs  large  coils  contain  as  much  as  100,000  BieiVM 
(  =about  60  miles)  of  wire  in  the  secondary  coil ;  battery  contact 
is  broken  and  renewed  by  a  pointed  slip  of  platinum,  which  is 
made  to  dip  in  and  out  of  an  amalgam  of  platinum  and  mercury, 
covered  with  alcohol,  either  by  the  hand  or  by  an  oscillating  beam 
worked  by  a  small  electro-magnet.  This  magnificent  electrical 
instrument,  when  excited  by  a  single  cell  of  Bunsen's,  battery,  the 
carbon  pi  riles  of  which  are  7x6  inches,  gives  sparks  i\  inches  in 
length;  two  cells  give  sparks  6£  inches;  three  cells,  sparks  10 \ 
inches ;  four  cells,  n{  inches  ;  five  cells,  sparks  14  inches ;  six  Dells, 
sparks  15  inches;  seven  cells,  sparks  16  inches.  Beyond  this  it  is 
not  Bafe  to  go  for  fear  of  injury  to  the  instrument,  though  with 
eight  cells  sparks  or  flashes  upwards  of  19  inches  in  length  have 
been  obtained.* 

Mr.  Ladd  constructs  coils  with  between  6  and  7  miles  of  second- 
ary wire  which,  when  excited  by  five  cells  of  Grove's  nitric 
bftttftrvj  platinum  plates  5^X4.  inches,  give  sparks  between  8  and 
9  inches  in  length. 

(1S7)  Phenomena  of  the  Induced  Current. —  I.  The  Spark  in 
Air. — Taken  between  two  wires  of  sufficient  thickness,  it  appears 
under  the  form  of  a  bundle  of  three  or  four  darts  of  fire  more  or 
less  curved ;  between  larger  surfaces  the  sparks  pass  at  longer  in- 
tervals, but  with  greater  noise  and  energy.  When  the  interrup- 
tions of  the  primary  are  slow,  the  sparks  are  longer  than  when 
they  are  rapid,  time  being  required  for  the  development  of  induc- 
tion. It  must  he  observed  that  although  when  the  poles  of  the 
secondary  coil  are  connected  by  a  metallic  wire,  or  by  a  good  con- 
ducting liquid,  there  are  two  currents  moving  ulteniately  in  oppo- 
site directions,  yet  when  the  poles  are  separated  by  a  thin  stratum 
of  air,  one  only  of  these  two  currents  or  waves  is  brought  into 
action,  that,  namely,  due  to  the  breaking  of  the  voltaic  curi 
the  other,  that  produced  by  closing  the  current,  is  stopped  off  from 

■  In  the  Juror*' Rrport  on  Electrical  lnMlrnmenii  (International  Exhibition, 
1862),  there  is  a  description  of  an  induction  coil  exhibited  by  Messrs. 
Siemens  and  IlaUlu1,  of  Berlin,  which  is  stated  to  give  sparks  from  one  to 
two  feet  in  length  when  excited  by  six  large  Grove's  cells,  although  the 
secondary  wire  does  not  exceed  in  length  6j  miles  (10,755  metres).  It  lv:l" 
afterwards  discovered  that  this  description  was  inaccurate,  the  length  of  the 
■BCOndary  roil  being  80  miles  (129,000  metres),  so  that  it  ie.  far  inferior  in 
power  to  the  instruments  of  Riilnnkorl]  and  Ritchie. 
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the  secondary  wire  being  expended  in  the  primary  wire  itself.  The 
secondary  wire  gives  then  a  series  of  intermitting  currents,  all  of 
which  have  a  common  direction. 

If  the  spark  be  attentively  watched  in  the  dark,  it  is  seen  to  he 
surrounded  with  a  sort  of  yellow-green  atmosphere  of  greater  or 
leas  thickness,  according  to  the  force  of  the  battery.  It  is  gene- 
rally of  an  ovoid  form,  and  seems  to  be  collected  principally  round 
the  negative  pale.  When  a  steady  current  of  air  is  thrown  upon 
the  spark  taken  between  two  metallic  wires,  the  luminous  atmo- 
sphere becomes  expanded  into  a  large  mass  of  irregular  violet- 
coloured  flame,  surrounded  by  bundles  of  rays,  the  spark  itself  not 
appearing  to  undergo  any  variation. 

If  the  spark  he  passed  through  a  gloss  tube  by  means  of  wires 
hermetically  sealed  into  its  sides,  and  the  ends  about  one-tenth  of 
an  inch  apart,  red  vapours  are  formed  in  from  ten  minutes  to  half 
an  hour,  proving  that  the  oxygen  and  nitrogen  have  entered  Into 
chemical  combination.  Becquerel  and  Fremy  have  proposed  this 
experiment  as  a  test  for  nitrogen. 

In  condensed  air  the  spark  is  shorter  and  more  collected,  as  is 
the  case  with  ordinary  electricity.  In  rarefied  air,  on  the  contrary, 
it  receives  a  wonderful  development,  but  is  less  intense  in  light. 
In  hydrogen  the  spark  is  feeble,  and  very  rod ;  in  airborne  acid,  it- 
is  vivid  and  white.  Ozone  may  he  produced  by  the  induction 
ppark,  either  directly  or  indirectly.  In  the  former  case,  the  spark 
U  taken  between  two  wires  sealed  into  a  tube  rilled  with  pure  dry 
oxygen ;  the  sparks  must  succeed  each  other  slowly  and  gently. 

Decomposition,  of  Gaseous  Compounds. — When  the  induction 
spark  is  sent  through  ammoniacal  gas,  it  exhibits  a  violet  light  sur- 
rounded with  a  blue  edge;  the  gas  soon  undergoes  decomposition, 
the  original  volume  being  doubled,  the  spark  then  exhibits  the 
pure  violet  light  characteristic  of  hydrogen,  and  water  projected 
into  the  tube  produces  no  diminution  of  volume.  The  coil  thus 
becomes  a  useful  instrument  for  demonstrating  the  composition  of 
this  alkaline  gas. 

For  the  introduction  of  the  spark  current  through  this  and  other 
guseoua  compounds,  the  simple  apparatus  shown  in  Fig.  27+  was 
contrived  by  Ruff  and  Hoffmann, 

A  fine  platinum  wire  is  fused  into  the  shorter  limb  of  a  thin  U-shaped 
glass  tube,  ana  filed  off  so  as  scarcely  to  project  beyond  tbe  jjtiss.  At  u. 
distance  of  a  few  millimetres  from  the  platinum  pole  thus  obtained,  the  loop 
of  a  second  platinum  wire  is  thrown  over  the  tube,  and  the  wire  wound  round 
the  lube  until  it  nearly  reaches  the  bend.  The  tube  is  then  filled  ivuli 
mercury,  and  the  shorler  Jimb  introduced  into  the  gas  tube  containing  the 
gat  to  be  operated  upon,  inrerted  over  mercury  in  a  deep  cylinder  trough. 
The  pole  wires  of  the  induction  coil  being  now  introduced,  the  one  into  tb« 
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open  end  of  the  U-tube  filled  with  mercury,  and  the  other  into  the  mercury 
of  the  cylinder  trough,  the  spark  current  may  be  established 
or  interrupted  at  will,  hv  either  depressing  theU-tulw  unlil 
the  outer  platinum  wire  reaches  the  surface  of  the  mercury,  or 
by  lifting  it  so  n»  to  break  contact. 

2.  The  'Spark  in  LitputU. — In  all  good  conducting 
liquids  there  ia  of  course  no  spnrk ;  but  in  fchow 
liquids  which  conduct  either  imperfectly,  or  not  at 
all,  crackling  sparks  are  obtained.  In  oil  the  sparks 
are  greenish  white,  in  alcohol  they  are  red  and  cre- 
tag;  brilliant  sparks  are  obtained  in  turpentine 
and  bisulphide  of  carbon.  If  some  oil  be  poured  on 
the  surface  of  water  in  a  g-lttps  vessel,  nnd  one  of  the 
wires  covered  with  gtitta  pereka  introduced  beneath 
the  water,  nnd  the  other  immersed  in  the  oil  within 
striking  distance,  strong  crepitating  sparks  are  ob- 
tained, and  hydrogen  gas  is  liberated,  which  burns  on 
the  surface  of  the  liquid.  Between  a  pair  of  guarded 
platinum  points  a  continuous  light  may  be  kept  up  iu 
acidulated  water,  or  in  a  solution  of  sulphate  of  copper. 

3.  Tin Sjhtrl.  i>t  Btrrqfled  Air  and  Gates, — When  thedischarge- from 
the  induction  ouil  is  made  to  pass  through  highly  rarefied  air,  the 
phenomena  ol  auroral  light  (p.  34)  are  produced  in  a  beautiful  mid 
varied  manner  across  long  intervals.  One  of  the  most  beautiful 
experiments  that  can  be  made  with  the  secondary  current  is  pro- 
bably the  following,  thus  described  by  Mr.  Gassiot,  and  called  the 
Electrical  ductule  (Phil,  Mag.,  vol.  vii.  p.  854) : — 

Two-thirds  of  a  beaker,  4  inches  deep  by  2  inches 
wide,  are  coated  with  tin-foil,  leaving  1-5  inch  of 
the  upper  part  n  moated.  On  the  plate  of  an  air- 
pump  is  plated  a  glass  plate,  and  on  it  the  beaker, 
covering  the  whole  with  an  open-mouth  glass  re- 
ceiver, on  which  is  placed  a  glass  plate  having  a 
thick  wire  passing  through  a  collar  of  leathers; 
the  portion  of  the  wire  within  the  receiver  is  covered 
with  a  glass  tnbe.  One  end  of  Lhe  secondary  coil  is 
attached  to  thin  wire,  and  the  other  to  the  plate  of 
the  pump.  As  the  vacuum  improves,  the  effect  ia 
truly  surprising;  at  first  a  hint  dear  blue  light 
appears  to  proceed  from  the  lower  part  of  the  beaker 
to  the  plate,  this  gradually  becomes  brighter  until 
by  slow  degrees  it  rises,  increasing  in  brilliancy, 
until  it  arrives  at  that  part  which  is  opposite  m  in 
a  lino  with  the  inner  coating,  the  whole  being  in- 
tensely illuminated.  A  discharge  then  commences  from  the  Inside  ofthc  beaker 
to  the  plate  of  the  pump  in  minute  but  diffused  stieums  of  blue  light;  COO; 
tiauing  the  exhaustion,  at  last  a  discharge  takes  place  in  the  form  of  an  undi- 
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videil  continuous  stream,  overlapping  the  vessel  as  if  the  electric  flntd  were 
itself a  material  body  running  over.  If  the  position  of  the  beaker  be  reverseil 
by  placing  the  open  part  on  the  plate  of  the  air-pump,  and  the  upper  wire  is 
either  in  contact  wiih  or  within  an  inch  of  the  ouiside  of  the  vessel,  streams 
of  blue  lambent  flame  appear  to  pour  down  the  sides  of  the  plate,  while  a 
continuous  discharge  takes  place  from  the  inside  coating.  The  arrangement 
of  this  experiment  is  shown  in  Fig.  275. 

If  a  tube,  from  3  to  7  fe^t  long  »ud  from  ij  to  2  inches  in 
diameter,  be  connected  by  wires  at  each  end  with  the  tern ti mils 
of  the  secondary  coil,  and  the  air  removed  by  an  air-pump,  as  the 
exhaustion  proceeds  B  splendid  auroral  light  tills  the  tube  with 
coruscations,  and  as  the  vacuum  gets  more  perfect  a  broad  crimson 
riband  isobtained,  extending  throughout  the  entire  length  of  the  tube. 
If  a  small  quantity  of  air  be  then  admitted,  the  ribuud  disappears 
and  the  coruscations  return  j  but  these  gradually  die  out  as  the  air 
outers.  A  few  strokes  of  the  pump,  however,  bring  them  back 
again,  and  thus,  by  increasing  or  diminishing  the  density  of  the 
air,  the  appearance  of  the  discharge  in  the  tube  may  be  made  to 
undergo  corresponding  variations. 

(188)  Stratifications  in  Electrical  Discharges  in  Torricel- 
lian and  otiier  Vacua. — Mr.  (trove,  in  his  investigations  to 
determine  the  electro-calorific  effects  due  to  the  polar  reactions  of 
induced  currents  on  metallic  plates,  made,  among  other  experi- 
iiirnls,  the  following: — A  piece  of  carefully  dried  phosphorus  whs 
placed  in  a  little  metallic  cap  and  covered  with  a  receiver  having  a 
cap  nuil  wire  ;  on  making  a  good  vacuum,  instead  of  a  simple  dif- 
fused light,  he  obtained  a  light  completely  stratified ;  that  is  to 
say,  divided  transversely  to  the  direction  of  the  jet  by  a  multi- 
tude of  very  straight  and  mobile  black  bands.  Similar  pbeno- 
tuena  were  subsequently  noticed  by  Ruhmkorff  in  an  alcohol 
vacuum— viz. :  magnificent  vibrating  stratifications  in  the  middle 
of  the  red  light  issuing  from  the-  positive  pole.  They  were  also 
studied  by  Al.  Quet  (Coniptea-Rendus,  Dec.  1851). 

When  the  poles  of  the  secondary  are  about,  j  or  +  inches  apart 
in  a  good  vacuum  produced  in  the  electric  egg  (Fig.  376)  two  dis- 
tinct lights  are  produced,  differing  in  colour,  form,  and  position  ; 
that  round  the  negative  ball  and  wire  is  blue,  it  envelopes  it  regu- 
larly j  that  round  the  positive  is  fire-red,  it  adheres  to  one  side, 
Bnd  stretches  across  towards  the  negative.  On  close  examination, 
this  double  light  is  seen  to  have  a  singular  constitution;  it  is  stra- 
tified, being  composed  of  a  series  of  brilliant  bands,  separated  from 
each  other  by  dark  bands.  These  bands  are  well  observed  in  vacua 
of  WQod  spirit,  .y/iirit  iiftnrjirutinr,  idcnhul,  itnjtiitha,  arid  bi'Murirli  <ij 
(in,  and  the  vacuum  must  be  as  perfect  as  the  best  air-pump  can 
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make  it,  The  appearance  is  then  that  of  a  pile  of  electric  light, 
In  the  red  light  the  brilliant  bunds  approaching  nearest  the  nega- 
tive ball  have  the  form  of  capsules,  tine  concave*  part  being1  turned 
towards  the  ball  •  their  position  and  figure  are  sensibly  fixed. 
The  extreme  capsule  doeB  not  touch  the  violet  light  of  the  nega- 
tive pole,  being  separated  from  it  by  a  dark  band  greater  or  less 
according  to  the  nature  and  perfection  of  the  Yftcuuiii,  that  with 
spirits  of  turpentine  giving  the  greatest. 

Fig.  276  presents  an  accurate  representation  of  this  singularly 
beautiful  phenomenon. 


Fig.  176. 


Fig.  *7> 


Fig.  17 


A  light,  though  less  red  and  brilliant,  may  bo  obtained  from  one 
pole  of  the  secondary  wire  only,  that  of  the  exterior  end  of  the  mil 
which  possesses  electricity  of  the  greatest  tension;  and,  if  the  vacuum 
be  very  good,  this  light  may  be  made  to  bifurcate  by  placing  the 
linger  against  the  outside  of  the  ghips,  as  shown  in  Pig.  477, 

If  1  bar  of  soft  iron,  surrounded  with  a  coil  of  insulated  copper  w 
1m  lixed  into  the  cap  of  the  electric  egg  (Tig.  178).  and  the  latter  then 
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exhausted,  a  splendid  band  of  purple  light  is  produced,  which  com- 
mences rotating-  round  the  iruii  rod  the  moment  the  latter  is  con- 
verted into  an  electro-magnet  by  sending  the  current  from  a  small 
v  ci  Lluie  battery  through  ita  surrounding  coil.  On  changing  the  direc- 
tion of  the  induced  current,  the  direction  of  the  rotation  changes 
also.  The  electric  light  in  this  beautiful  experiment  takes  the  place 
of  the  conducting  wire  in  Faraday's  experiment  (Fig.  no,  p.  273  ), 

M.  Quet  found  that,  when  a  galvanometer  was  interposed  in  the 
circuit,  no  current  was  indicated  aa  passing 
through  the  electric  egg  till  the  exhaustion 
was  tolerably  good,  aud  the  light  continuous  ; 
tin'  needle  then  became  permanently  deflected. 
The  first  light  that  appeared  was  the  red 
round  the  positive  ball,  but  it  was  not  till  the 
exhaustion  became  very  perfect  that  the  blue 
light  became  well  developed  and  extended 
round  the  negative  wire. 

If  a  considerable  resistance  he  introduced 
into  the  induced  circuit,  or  if  the  two  cur- 
rents be  made  to  circulate  in  opposite  direc- 
tions through  the  receiver,  the  red  light  dis- 
appears from  the  positive  pole,  giving  place  to 
a  blue  light ;  the  positive  and  negative  lights 
«re  now  the  same,  the  appearance  of  the  egg 
being  as  represented  in  Fig.  279. 

(189)  Investigations  of  Gasiiot. — The  phenomena  of  the 
stnttification  in  electrical  discharges,  as  observed  in  Torricellian  gad 
Hi  her  vacua,  have  been  minutely  studied  by  Gassiot  (Phil.  Tram., 
March  4,  1858  ;  the  '  Bakerian  Lecture,'  and  Phil  Tram.,  Jan.  13, 
1 839).  When  the  discharge  from  the  induction  coil  ie  transmitted 
through  a  Torricellian  vacuum,  the  cylinder  ia  brilliantly  illumi- 
r  1 !  1 !  • :'ii  with  a  dense  phosphorescent  light,  filling  the  entire  vacuum, 
the  intensity  of  the  light  depending  on  the  energy  of  the  battery. 
Tliis  tight  has  generally  been  observed  to  be  without  stratification, 
but  by  employing  great  care  in  the  construction  of  the  vacua,  and 
using  a  single  cell  of  Grove's  battery,  Gassiot  obtained  distinct 
stratification,  extending  from  the  positive  wire  to  the  dark  space, 
while  the  usual  blue  tiame  surrounding  the  intense  red,  which  has 
the  appearance  of  red  heat,  was  visible  on  the  negative  wire. 
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perfect  a  Torricellian  vacuum  as  could  be  made  with  pure  and 
carefully  boiled  mercury,  and  Big.  281  shows  the  wavy  line  dis- 
charge in  a  similar  tube  in  which  a  slight  trace  of  moisture  was 
present;  no  stmtitieutjons  are  here  visible,  though  they  bto  imme- 
diately produced  by  condensing'  the  moisture  by  plunging  the  tube 


into  a  freezing  mixture.  In  Torricellian  vacua  obtained  by  Welsh'ti 
process,  the  mercuvy  not  being  bulled  (I'M.  Tram.,  vol.  cxhi. 
p.  507),  the  phenomena  of  the  stratified  discharge  could  be  ex- 
amined with  ease  and  care. 

Figs.   18a  and  283    are  faint  representations  of  the  beautiful 
appearances  of  the  stratifications  as  obtained  in  pear-shaped  vi 
Tli at  shown  in  Fig.  2S1  is-  3  inches  in  internal  diameter,  the  wire* 
being  5  inches  apart   frum  point  to  point.     The  vessel  was  filled 
with  pure  mercury  and  boiled  ;  it  was  after  w: 
Fig,  181.         exhausted    by  the  air-pump.     If  the  mercury  be 
Permitted  to  ascend,   immediately  it  covers  the 
negative  wire  the  stratifications  disappear  and  1 1n- 
interior  of  the  globe  ib  filled  with  bluish  light ; 
a  bright  spot  of  light  is  vi- 
sible on  the  end  of  the  posi- 
tive wire,   and   the  negative 
mercury   is    covered    with     a 
white     phosphorescent     film 
about  one-eighth  of  an  inch 
in  thickness. 

The  egg-ahaped  vessel  re- 
presented in  Fig.  282  ia  25 
inches  long,  the  globular  part 
being  18  inches  in  length  and 
7  inches  in  diameter ;  the 
wires  a  h  are  iz  inches  apart, 
and  caustic  potash  is  placed  in 
the  narrow  end.  It  is  charged 
with  carbonic  acid,  and  then 
exhausted.  On  heating  the  caustic  potash  with  a  spirit-lamp,  the 
discharge  assumes  the  character  of  luge  and  distinct  clouds,  clearly 
and  separately  defined,  and  extending  to  the  entire  diameter  of  the 
vessel ;  these  clouds  are  strongly  affected  by  induction  as  the  baud 
approaches  the  globe,  presenting  a  very  striking  appearance. 
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No  signs  of  any  discharge  can  be  observed  in  the  vacuum  on 
making  contact  when  the  primary  current  ia  excited  by  a  single 
cell,  but  evidence  of  action  in  the  secondary  coil  can  be  detected 
by  the  galvanometer,  «nd  also  in  the  following  manner : — 

Let  the  ends  of  the  platinum  wires  attached  to  the  terminals  of  the  second- 
try  coil  rest  on  a  piece  of  bibulous  paper  moistened  with  a  solutiou  of  iodide 
of  potassium,  complete  the  circuit  of  the.  commutator,  and  then  remove  the 
paper,  iodine  will  he  evolved  from  one  terminal. 

Make  contact  with  the  moistened  paper,  keeping  the  primarv  circuit  com- 
plete; remove  the  paper,  no  trace  of  iodine  ia  perceptible,  proving  that  in 
this  state  there  is  no  current'n  the  secondary  wire.  Again,  make  contact 
with  the  moistened  paper  and  the  platinum  wire,  break  the  circuit  with  tln- 
com  mutator,  and  iodine  will  be  immediately  evolved  at  the  opposite  terminal 
in  much  larger  quantity  than  in  the  former  case. 

In  order  to  ascertain  whether  the  stratifications  ia  the  positive 
discharge  arise  from  interference,  Gassiot  caused  the  discbarges  from 
two  separate  coils  to  intermingle  with  ench  other  j  and  he  found 
that,  whether  they  were  made  in  the  same  direction  or  opposed  to 
each  oilier,  the  separate  stratifications  from  the  discharge  of  each 
coil  remained  visible,  although  producing  a  degree  of  confusion 
from  their  interposition.  The  positive  division  of  the  discharge  is 
of  greater  intensity,  and  consequently  of  much  greater  length,  than 
the  negative.  Gassiot  lias  obtained  the  stratifications  in  a  tube 
S  feet  8  inches  in  length ;  he  found  also  that  the  stratifications 
Bry  powerfully  nllectedby  themaguet.  When  the  discharge  is 
made  from  wire  to  wire,  if  it  horseshoe  magnet  be  placed  along  the 
tube  so  as  alternately  to  presenl  the  poles  to  different  contiguous 
positions  of  the  discharge,  it  will  assume  the  form  of  *w  in  conse- 
quence of  its  tendency  to  rotate  round  the  poles  in  opposite  direc- 
tion* as  the  magnet  in  this  position  is  moved  up  and  down  the 
side  of  the  tube. 

When  the  discharge  was  first  made  in  the  pear-shaped  apparatus 
(Fig.  283),  the  mercury  being  negative,  and  allowed  to  enter  the 
vessel  till  about  two  inches  from  the  positive  wire,  the  discharge 
formed  nearly  a  straight  line  ;  in  this  position,  when  the  pole  of  a 
powerful  electromagnet  was  placed  close  to  the  glue  vend,  the 
discharge  was  deflected  across  the  pole  at  right  angles,  the  dis- 
charge being  from  the  positive  wire  to  the  uegative  mercury ;  if 
i In'  poll  presented  was  north,  the  discharge  was  deflected  to  tli. 
right  when  looking  from  the  magnet  to  the  discharge,  carrying 
with  it  the  red  spot  in  a  direct  line  across  the  mercury. 

'J'n-n     Disdmd     Form*     of    Stmtrji&rt    Electrical    Diselurrge. — 

Fig.    284  represents  a  vacuum  tube  38   inches   long,   the  wires, 

a  b,   31   inches    apart;    c  c'  are    moveable    coatings    of    tin-foil, 

ei  long,  wrapped  round  the  tube.     When  the  discharges 
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from  an  induction  coil  are  made  from  wire  to  wire,  clear  well- 
defined  strife  are  obtained  ;  and  if  the  tube  be  placed  in  a  horizontal 
ion  iivrr  (In-  pole  of  a  magnet,  the  stratifications  evince  a  ten- 
dency to  rotate  as  a  whole,  in  accordance  with  the  known  law  of 


Fig.  184. 


II 


electromagnetic  rotation  ( 1 50) ;  but  when  the  discharge  is 
from  coating  to  coating,  the  stratifications  have  no  longer  a  ten- 
.1,'iK'v  to  rotate  as  a  whole,  but  are  divided.  If  the  tube  he  now 
placed  between  the  poles  of  a  powerful  electromagnet,  one  set  of 
stratifications  are  repelled  from  and  the  other 
Attracted  towards  or  within  the  bent  portion 
of  the  magnet;  and  when  the  tube  \a  placed 
on  the  north  pole,  the  divided  stratifications 
arrange  themselves  on  each  aide  of  the  tuV, 
changing  their  respective  positions  when  placed 
mi  the  south  pole,  hut  in  all  cases  each  set  of 
stratifications  are  concave  in  opposite  direc- 
tions. 

G  assist  designates  the  first  form  of  stratified 
discharge  the  directt  and  the  latter  the  i/ufwul 
di*charge. 

Ittfimnce   of    Temjteraturc  on  the  Strut..; 
Discharge.— The  following  experiment  ib  de- 
scribed by  Mr.  Gasaiot : — 

Fig.  185  represents  a  Torricellian  vacuum  tube,  22 
i ik ties  lung  and  if  inch  internal  diameter  ;  the  wires, 
ah,  are  19  inches  apart ;  sufficient  mercury  remains 
in  the  tube  to  cover  the  lower  wire,  aud  in  this  man- 
ner one  terminal  is  a  wire  of  platinum,  arid  the  other 
a  surface  of  mercury ;  e  is  a  glass  vessel  to  contain  a 
freezing  bath,  composed  of  ether  and  solid  carbonic 
acid.  When  this  tube  ia  suspended  by  a  string,  its 
lower  end  not  being  immersed  in  the  freezing  mix- 
ture, the  induction  coil,  excited  by  a,  single  cell  of 
the  nitric  acid  battery,  gives  clear,  distinct,  large 
cloud-like  discbarges,  leaving  a  dark  band  14  or  15 
inches  in  length.  When  a  magnet  is  presented  a  little 
above  the  surface;  of  the  mercury,  a  brilliant,  blue 
ihosphorescent  discharge  proceeds  from  the  upper  part  of  the  negative 
liriiitial  (fc),  while  at  the   same    time  cloud-like   stratifications  from  the 
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positive  wire  are  brought  down  the  tube.  This  phosphorescent  blue  dis- 
charge can,  by  manipulation,  be  expanded  or  contracted  by  the  magnet  in 
a  remarkable  manner.  If  the  lower  end  of  the  tube  be  immersed  in  the  freez- 
ing bath,  as  shown  in  the  figure,  when  the  temperature  ia  reduced  to  —  85° 
Fan.,  discharges  from  the  induction  coil  being  mode,  the  stratifications 
were  no  longer  visible,  but  a  small  luminous  spot  remained  at  the  end  of  the 
positive  terminal. 

On  presenting  the  north  pole  of  a  magnet  on  one  side  of  this  luminous 
spot,  or  the  south  pole  on  the  other,  another  luminous  spot  was  visible.  On 
removing  the  tube  from  the  ether  bath,  the  mercury  gradually  liquefied,  the 
temperature  rose,  and  at  +  io°  Fah.  the  stratifications  reappeared. 

When,  instead  of  cooling  the  mercury  in  the  vacuum  tube,  it 
was  gradually  raised  to  ita  boiling  point  (-f-  6oo°  Fah.),  all  traces 
of  stratification  were  likewise  destroyed,  but  in  this  case  the  dis- 
charge passed  along  the  mercury  as  it  condensed  in  the  cooler  part 
Of  the  tube. 

(  1 90 )  Van-conducting  Power  of  a  Perfect  Vacuum. — 
When  a  vacuum  tube  is  in  a  state  to  show  the  stratified  discharge, 
it  is  so  good  n  conductor  that  sparks  from  the  outer  terminal  of 
the  induction  coil  will  pass  to  one  of  its  wives  (the  other  being 
a ttaclii.nl  to  the  inner  terminal)  one  inch  in  length  through  air ; 
but  Gassiot  has  obtained  carbonic  acid  vacua  so  perfect  that  no 
signs  of  luminous  discharge  can  be  observed  through  the  tub?  ;  in 
this  state  it  is  a  more  perfect  insulator  than  air  itself,  and  no  sparks 
can  be  obtained  from  the  outer  terminal. 

If  two  vacuum  tubes  which  conduct  are  attached  one  to  the 
inner  and  the  other  to  the  outer  terminal  of  an  induction  coil  with- 
out being  otherwise  connected  with -each  other,  a  reciprocating  die- 
charge  will  take  place  in  each,  that  from  the  outer  being  by  far 
the  more  vivid  ;  if  the  circuit  be  now  completed,  either  by  a  wire 
or  by  a  tube  which  conducts,  the  stratifications  in  each  tube  be- 
come clear  and  distinct,  the  dark  discbarges  becoming  as  visible  as 
if  the  circuit  with  the  coil  had  been  complexed  by  a  single  tube ; 
but  if  the  circuit  be  completed  by  a  perfect  carbonic  acid  vacuum 
tube,  the  discharges  in  the  two  conducting  tubes  attached  to  the  coil 
are  reciprocating,  while  in  that  of  the  non-conducting  tube  no 
luminous  appearance  is  perceptible. 

(191)  Condition  of  Discharge  at  the  Negative  Terminal. 
— If  the  negative  wire  in  a  vacuous  tube  be  protected  by  glass 
tubing  open  at  the  end  about  one-eighth  of  an  inch  beyond  the 
point  of  the  wire  in  the  tube,  no  stratifications  can  be  observed  in 
the  discharge,  which,  in  such  cases,  merely  exhibits  a  lumiu nf 
glow;  if  now  the  intensity  be  reduced,  stratifications  toAvarda  the 
ve  wire  are  obtained,  and  if  the  negative  wire  nml  tubing 
are  a  little  inclined,  the  discbarge  from  the  negative  wire  will 
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impinge  uvrait  the  side ofthe  vacuum  tube,  brilliantly  illuminating 
the  -pot  on  which  it  strikes;  if  n  magnet  be  presented,  the  spot 
will  be  contrncted  with  one  pole,  and  with  the  other  tliediscli 
will  be  bent  in  a  manner  so  that  its  extreme  portion  will  itself 
impinge  on  the  other  side  of  the  tube.  If  the  experiment  be  made 
by  reducing  the  inten.-ity  of  the  discharge,  so  that  stratification* 
from  the  positive  terminal  are  observable,  these  stratifications 
vanish  as  the  discharge,  which  apparently  proceed!  from  the  nega- 
tive terminal,  is  forced  by  the  magnet  along  the  tube. 

Fig.  186, 


h  „_ 


In  this  experiment  there  is  the  appearance  of  a  direction  of  r 
force  emanating  from  the  negative  terminal,  aa  well  aa  one  I 
the  positive.     The  appearances  in  the  tube  in  these  experiments 
are  represented  in  Figs.  286  aud  187. 

Fig.  »8f. 


u  6 


The  different  phases  of  the  electrical  discbarge  in  vacua  rendered 
progressively  intfM  snul  Dion  perfect,  are  well  observed  in  tubes 
that  have  been  filled  with  carbonic  acid,  exhausted,  and  the  small 
residue  of  gas  gradually  absorbed  by  caustic  potash.  The  first 
ilisi  linrjrv  is  that  of  a  wave  passing  from  wire  to  wire ;  it  next 
becomes  a  luminous  glow,  filling  the  tube,  and  showing  narrow 
stratifications  commencing  at  the  positive  wire,  the  negative  being 
untied  by  a  blue  glow.  As  the  vacuum  improves,  the  narrow 
stratifications  extend  throughout  the  discharge  to  about  one  inch 
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of  the  negative  wire,  where  they  terminate  abruptly  in  a  dark 
space,  the  negative  wire  becoming  intensely  red;  theatratincatiou-'S 
then  become  more  distinct  Bnd  separated,  and  the  dark  space  ofteu 
extends  in  a  tube  of  20  inches  in  length  to  6  or  8  inches ;  they 
next  assume  a  conical  form,  and  sometimes  disappear  Altogether, 
the  tube  being  filled  with  a  faint  luminosity ;  finally,  when  the 
absorption  of  the  carbonic  acid  is  complete,  all  signs  of  luminosity 
disappear,  proving  the  non-transferring  condition  of  a  perfect 
vacuum. 

Glass  tubes  containing  highly  rarefied  gases  and  vapours,  and  of 
various  forms  and  sizes,  are  constructed  With  wonderful  ingenuity 
by  M.  Geissler,  of  Bonn,  and  may  be  procured  at  many  philoso- 
phical instrument-makers.  The  light  produced  on  passing  the 
induced  current  through  many  of  these  tubes  is  of  the  most 
beautiful  and  varied  character. 

(192)  What  is  fbe  Phy ileal  Cause  of  the  stratifications  r 
— The  following  rationale  was  advanced  by  Grove : — When  the 
battery  contact  is  broken,  there  is  generated  the  well-known  in- 
duced current  in  the  secondary  wire  in  the  same  direction  as  the 
original  battery  current,  to  which  secondnry  current  the  brilliant 
effects  of  the  coil  are  due;  ut  in  addition  to  this  current  in  the 
secondary  wire  there  i»  also  a  necondary  current  in  the  primary 
wire  flowing  in  the  same  direction,  the  inductive  spark  at  the 
moment  following  the  disruption  contact  completing  the  cir- 
cuit of  the  primary,  and  thus  allowing  the  secondnry  current  to 
pass.  This  secondary  current  in  the  primary  wire  produces  in  its 
turn  another  secondary,  or  what  may  be  termed  a  tertiary,  current  in 
the  secondary  wire  in  an  opposite  direction  to  the  secondary  cur- 
rent. There  are  thus  almost  synchronously  two  currents  in  o]i|»>- 
eite  directions  in  the  secondary  wire  ;  these,  by  causing  a  conflict 
or  irregular  action  on  the  rarefied  medium,  would  give  rise  to  waves 
or  pulsations  which  might  account  for  the  stratified  appearance. 
It  is  obvious  that  the  secondary  current  must  be  more  powerful 
than  the  tertiary.  Now  supposing  an  obstacle  or  resistance  placed 
in  the  secondary  current  which  the  secondary  current  can  over- 
come, but  which  the  tertian,'  current  cannot,  we  ought  by  theory  to 
get  no  strife.  If  an  interruption  be  made  in  the  secondary  current  in 
addition  to  that  formed  by  the  rarefied  medium,  and  this  inter- 
ruption be  made  of  the  lull  extent  which  the  spark  will  pass,  there 
are  as  a  general  rule  no  stria?  in  the  rarefied  media,  while  the 
same  vacuum  tube  shows  the  strife  well  if  there  be  no  sucli 
break  or  interruption.  Thus  on  passing  the  discharge  through 
a  large  vacuum  cylinder  (16  inches  by  4  inches),  and  using  a 
micrometer-electrometerj  numerous  broad  and  perfectly  distiim 

z2 


340 


MAGNET0-ELECTMC7TY. 


bands  were  obtained  when  the  points  of  the  micrometer  were  in 
contact ;  but  when  tbey  were  separated  to  the  fullest  extent  (hat 
would  allow  sparks  to  pass,  not  the  slightest  symptoms  of  bands 
or  stria;  were  perceptible,  the  whole  cylinder  being  tilled  with  an 
uniform  lambent  flame. 

"With  a  spark  from  the  prime  conductor  of  an  electrical  machine, 
the  strife  do  not  appear  in  tubes  which  show  them  well  with  Ute 
induction  coil.  This,  Grove  thinks,  is  in  favour  of  hiB  theory,  but 
without  regarding  that  as  conclusive,  or  as  approved  rationale,  it 
.seems  demonstrated  by  the  experiment**  above  described  that  the 
identical  vacuum  tubes  which  show  the  stria)  with  certain  ruodea 
of  producing  the  discbarge  do  not  show  them  with  other  modes, 
and  that,  therefore,  the  strias  are  not  a  necessary  condition  of  tbe 
discharge  itself  in  highly  attenuated  media,  but  depend  upon  the 
mode  of  its  production. 

The  experiments  described  by  Gassiot  (Phil.  Trims.,  1859)  are 
not  in  accordance  with  Grove'a  view.  He  found  that  when  a  Leyden 
discharge  was  sent  through  a  vacuum  tube,  stratifications  as  clear 
and  distinct  as  those  from  the  induction  coil  may  be  obtained  by 
reducing  tbe  intensity  by  the  introduction  into  the  circuit  of  a 
piece  of  wet  string;  bo  hence  inferred  thai  in  Grove's  experiment. 
the  absence  of  stria?,  when  the  circuit  was  interrupted,  was  due  to 
the  heightened  intensity  of  the  discbarge.  He  repeated  Grove'a 
experiment  with  the  large  cylinder,  and  obtained  a  similar  result ; 
the  stratifications  were  entirely  destroyed  when  the  secondary 
current  was  interrupted,  but  they  were  restored  when  a  second 
interruption  was  made  in  the  circuit,  and  this  closed  by  a  wet 
string;  in  this  case  it  is  evident  that  the  appearance  of  the  strue 
does  not  depend  upon  the  conflict  of  secondary  and  tertiary  cur- 
rents, but  upon  the  manner  in  which  the  discharge  passes.  Gas- 
siot found,  moreover,  that,  when  by  means  of  an  interrupted  dis- 
charge the  stratifications  are  destroyed,  they  are  reproduced  in  n 
carbonic  acid  vacuum  tube  when  heat  is  applied  to  the  caustic 
potassa;  here  the  increased  resistance  arises  from  tbe  greater 
density  of  the  matter  formed  in  the  tube  :  and  this  experiment  is 
in  favour  of  hia  view,  vie.,  'that  the  stratifications  arise  from  tin- 
effect  due  to  impulses  or  pulsation  of  a  force  acting  on  highly 
attenuated  matter.' 

(193)  Electrical  Spectra  of  Big-hly  Attenuated  Gaaei. — 
In  order  to  observe  and  analyse  the  spectra  produced  by  different 
gases,  PI  ticker  concentrated  the  luminous  electrical  discharge  cur- 
rent in  thermometer  tubes  whose  internaj  diameters  were  nearlv 
tbe  same  for  the  different  gases  examined,  viz.,  about  o-(S  milli- 
metre.    The  form  of  the  tube  is  shown  in  Fig.  388.     By  turning 
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the  glass  cock  c  the  gases  in  the  two  tubes  could  be  put  into  com- 
munication.    The  spectra  were  observed  by  means  of  a  telescope 
(siu'li  11s  that  employed  by  FruunLnifer  in  bis  observation  of  tin- 
lines  of  the  solar  spectrum), 
without     angular      measure- 
ments.    This  was  set  up  at  a 
distance  of  from  4  to  5  metres 
from  the  vertical  line  of  the 
tube.     The  flint  glass  prism, 
whose  refractive  angle  was  45 
degrees,  was   fastened  iruuio- 
diately  before  the  object-glass, 
whose  aperture  was.  1 5  Parisian 
lines.     The  following  results 
were  obtained  by  Pliicker: — 

1.  Hydrogen, — Almost  ilie  whole  of  the  light  is  concentrated  into  throe 
bands:  viz.,  a  dazzling  red  at  the  extremity  of  the  spectrum;  a  beautiful 
greenish  bint;  and  a  violet  of  interior  brightness,  whose  distance  from  the 
greenish  blue  is  about  two-thirds  of  the  distance  of  the  latter  from  the  red. 
In  the  narrow  tube  the  electric  light  stream  appears  mi. 

t.  Nitrogen. — In  the  spectrum  of  this  gas  all  the  colours  are  fine,  none  of 
them  being  faded  as  in  the  broad  spaces  lying  between  the  bright  bands  of 
the  hydrogen  spectrum.  In  the  spaces  of  the  red,  orange,  and  yellow,  there 
are  about  fifteen  narrow  dark  grey  lines  at  nearly  equal  distances  apart.  Sfcc 
of  these  belong  to  the  orange  and  yellow  -.  botbof  these  colours  are  beautiful. 
The  red  in  the  direction  away  from  the  orange  is  shaded  off  into  brown,  but, 
becomes  brighter  and  purer  towards  the  extremity  of  the  spectrum  which 
stretches  beyond  Uw  dazzling  red  bands  of  the  hydrogen  spectrum.  A  broad 
green  space  is  separated  from  the  yellow  by  a  narrow  black  baud.  Tho 
greater  part  of  this  space  appears  shaded  with  black  in  the  direction  away 
from  the  black  band.  On  a  more  careful  examination,  this  shading  is  seen 
to  consist  of  very  line  black  lines,  which  are  at  equal  distances  apart,  but 
nearer  together  than  the  previously-mentioned  bauds  on  the  red,  orange, 
and  yellow.  The  rest  of  the  green  space  is  again  subdivided.  Tho  green  is 
bordered  by  two  beautiful  bright  blue  bands,  which  are  sharply  separated 
from  one  another,  and  from  the  green  by  narrow  bin. -k  band*  The  blue  and 
red  violet  ends  of  the  spectrum  form  nine  sharply  bordered  violet  bauds, 
alternating  with  dark  ones.  The  fourth  and  fifth  bright  bands,  separated  by 
a  black  band,  jiossess  the  most  light ;  the  four  following  ones  are  less  pro- 
minent.. The  lost  one,  however,  which  forms  a  sharp  boundary  to  the  whole 
spectrum,  is  most  distinct.  The  light  of  the  discharged  current  in  the  nar- 
row tube  is  yellowish  red. 

3,  Carbonic  Acid. — Sis.  bright  bands  sharply  separate  the  bright  portion 
into  five  spaces,  of  which  the  two  tirst  are  of  equal  breadth  j  the  third,  and 
especially  the  two  last,  are  somewhat  broader.  The  first  of  the  six  bands 
is  situated  on  the  extreme  boundary  of  the  red  ;  the  second  is  reddish  orange; 
the  third  greenish  yellow  ;  the  fourth  green;  the  fifth  blue;  and  the  lust  v'wlet. 
Both  of  the  two  first  spaces  are  divided  into  three  equally  broad  subdivisions, 
by  narrow  black  grey  bands,  of  which  two  always  border  upon  the  bright 
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band.  The  first  tpaee  U  hroxcn  red;  the  second  dirty  orange  and  yellow ;  the 
third  nntl  fourth  spaces  are  ruihet  faded  green ;  the  fifth  space,  which  is  very 
faded,  is  divided  into  two  equul  spaces,  vuich  are  shaded  off  from  the  red 
side  towards  the  violet.  After  the  list -mentioned  violet  band,  another  dark 
portion  of  the  spectrum  occurs,  about  as  wide  aa  the  red- yellow  portion.  In 
tibia  dark  portion  three  spaces  are  separated  by  three  prominent  and  well- 
marked  violet  bands,  whose  breadth  is  of  the  same  value  as  that  of  the 
before -mentioned  six  bands.  The  first  of  these  three  spaces,  which  is  con- 
tiguous to  the  above  six  bright  bands,  is  somewhat  broader  than  the  third. 
Both  are  perfectly  black.  The  second  and  middle  space  is  about  as  broad  aa 
the  first  and  third  together,  and  is  of  a  very  dark  violet  colour.  The  first 
band,  which  at  the  moment  of  commencing  was  of  an  especially  brilliant 
red,  lost  almost  the  -whole  of  its  brightness  after  the  streams  had  passed 
through  thu  tube  for  a  long  time.  This  vras  occasioned  by  the  decomposi- 
tion of  the  gas  into  carbonic  oxide  and  oxygtn,  the  latter  combining  with  the 
platinum  of  the  negative  electrode,  and  forming  oxide  of  platinum,  which 
was  deposited  of  a  yellow  colour  upon  the  neighbouring  internal  surface  of 
the  glass. 

With  oxygen  Pliicker  could  not  obtain  a  good  spectrum  ou 
account  of  its  gradual  disappearance  and  combination  with  tin- 
platinum  of  the  electrode;  binoxide  of  nitrogen  was  decomp 
giving,  after  some  little  time,  the  pure  spectrum  of  nitrogen  gas 
in  great  splendour ;  aipteoim  vapour  was  likewise  decomposed,  and 
the  spectrum  of  hydrogen  produced;  with  ammonia  the  spectra 
of  hydrogen  and  nitrogen  superposed  were  obtained. 

For  experimenting  upon  the  spectra  produced  by  different  metals, 
comparing  them  with  that  produced  by  platinum,  the  arrangement 

shown  in  Fig.  489  is  found  very  con- 
Fig.  »so.  venient    The  metals,  in  the  form  of 
wires,  are  attached  to  screws,  passing 
through  clamps  of  vulcanite,  which 
(n                          < — \  can    be    adjusted    nt    any  required 
height    and  angle  by  means  of  the 
spring  tubes  connecting   them  with 
the   upright  pillar.      The  wires   on 
the  left-hand  clamp  are  permanently 
platinum  3  those  on  the  right  hand 
clump  may  be  of  any  other  metal  or 
metals ;  they  are  held  by  pincers,  so 
that  they  may  readily  he  removed 
andreplaced  by  others ;  the  two  lower 
screws  are    connected  metallically. 
The  two  upper  are  connected  with 
the  secondary  terminals  of  the  coil, 
and  then  with  the  Leyden  jar.     A  brilliant  discharge  takes  place 
simultaneously  between  the  wires  in  each  clamp,  provided  the 
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distances  be  properly  adjusted,  and  the  apparatus  being  accurately 
arranged  before  the  spectrum-box  ;  one  spark  is  reflected  through 
a  prism,  and  the  other  is  .received  directly  through  the  slit;  the 
two  spectra  immediately  become  apparent  one  over  the  other,  eo 
that  the  peculiarities  in  each  case  may  be  at  once  detected.  By 
employing  the  little  capped  glass  tubes  shown  on  the  left-hand 
side  of  the  figure,  spectra  may  be  obtained  in  various  gases,  the 
gases  being  passed  through  the  tube  while  the  discharge  is  taking 
place. 

I  10+)  Application  of  Electrical  Discharges  from  the  In- 
duction Coll  to  Uae  Purposes  of  illumination. — The  simple 
apparatus  shown  ia  Fig.  390  was  devised  by  Mr.  Gassiut  for  this 
purpose.  It  represents  a  carbonic  acid  vacuum  tube  of  about  one- 
sixteenth  of  aa  inch  internal  diameter,  wound 
in  the  form  of  a  flattened  spiral.     The  wider  rig.  190. 

ends  of  the  tube,  in  which  the  platinum  -wires 
are  sealed,  are  about  two  inches  in  length  and 
half  an  inch  in  diameter,  and  are  shown  by 
the  dotted  lines.  They  are  enclosed  in  a 
wooden  chsb  (indicated  by  the  surrounding 
entire  line),  so  as  to  permit  only  the  spiral  to 
be  exposed.  When  discharge  from  the  induc- 
tion coil  is  passed  through  the  vacuum  tulu', 
the  spiral  becomes  intensely  luminous,  ex- 
hibiting a  brilliant  white  light.  With  a  coil 
excited  so  as  to  give  a  spark  through  air  of 
one  inch  in  length,  the  luminosity  of  the 
spiral  is  not  reduced  when  the  discharge  passes 
through  14  miles  of  copper  wire, 

A  mode  of  applying  the  electric  light  for 
mining  purposes  has  been  suggested  by  MM. 
Dumas  and  Benoit  (Compies-Iietulm,  Sept.  8, 
1862).  The  apparatus  consists  essentially  of 
three  parts  :  —  1 .  a  battery  ;  a,  a  Ruhmkorff 
coil;  3.  a  Reissler  vacuum  tube;  the  whole 
being  arranged  in  such  a  manner  as  to  produce 
a  sufficient  light  to  illuminate  the  miner,  and 
allow  him  to  work  when  other  lights  fail.  The  greatest  difficulty 
in  the  arrangement  consists  in  being  able  to  construct  a  battery 
which  shall  possess  sufficient  intensity  to  keep  up  a  repular  light 
for  at  least  twelve  hours  in  a  convenient  and  portable  form ;  this 
the  authors  state  that  they  have  accomplished,  the  whole  appa- 
ratus being  so  small  that  the  miner  can  carry  it  without  incon- 
venience in  a  small  carpet-bag. 


The  advantages  of  this  mode  of  illumination  are  that  the  light 
produced  is  cold,  or  rather  does  not  heat  the  tube  in  which  it  is 
produced,  and  that  the  gas  of  the  mine  Los  no  access  to  it,  it  1» 
completely  isolated.  It  is,  moreover,  quite  as  compact  as  ordinary 
lamps,  and  there  b  no  injurious  emanation,  and  it  can  be  light  ad 
and  extinguished  at  will, 

(195)  Condenien  and  Leyden  7wr»  Charg-ed  toy  tbe  In- 
duction Coll. — In  1835,  Maason  (iVis  &«y,  llnrrlvm)  made  a 
•  of  experiments  by  which  he  proved  that  a  condenser  may  lie 
cfcsrged  bj  the  indoctios  cofl  machina  He  placed  tha  two  poles 
of  the  coil  in  connection  with  the  coatings  of  the  condenser,  which 
coatings  he  at  the  same  time  connected  with  an  insulated  Lane's 
discharger,  the  balls  being  one-fiftieth  of  an  inch  apart;  he  thus 
obtained  a  permanent  discharge,  surpassing  in  intensity  that  of  the 
direct  discharge  of  the  apparatus  in  a  degree  proportional  to  the 
size  of  the  condenser  and  the  number  of  the  elements  of  the 
battery. 

Grove  nnd  Gassiot  (Phil.  Mat/.,  Jan.  1855)  repeated  these  ex- 
periments on  a  much  larger  scale,  and  with  results  of  a  singularly 
interesting  character.  When  a  Leyden  phial  was  interposed  be- 
tween the  terminals  of  the  secondary  coil,  the  exterior  pole  1>- 
connected  with  the  interior  of  the  jar,  the  noise  and  brilliancy  of 
the  discharges  were  greatly  increased,  hut  no  advantage  was  gained 
by  increasing  the  number  of  the  cells  of  the  battery ;  on  the  contrary, 
the  platinum  contact-breaker  was  thereby  rapidly  burnt.  When, 
however,  a  phial  of  double  the  capacity  was  employed,  the  brilliancy 
of  the  discharge  epark  was  again  increased,  and  on  adding  mott 
coated  surface,  afresh  addition  could  be  made  to  the  battery,  with 
a  further  increase  in  the  effects,  and  without  any  injurious  action 
taking  place  at  the  contact-breaker. 

The  difference  between  the  ordinary  induction  spark  and  that 
produced  when  the  secondary  terminals  are  connected  respectively 
with  the  inner  and  outer  coating  of  a  Leyden  jar  is  very  striking  : 
in  the  former  it  is  flame-like,  soft,  and  quiet ;  in  the  latter  it  is 
bright,  sonorous,  and  apparently  large ;  but  while  the  rattling  spark 
cannot  easily  fire  wood,  paper,  or  even  gunpowder,  the  soft  spark 
at  once  inflames  either  of  them.  The  effect  of  the  static  induction 
thus  introduced  is  not  so  much  to  vary  the  quantity  of  electricity 
which  passes  as  the  time  of  the  passage.  That  electricity  which, 
moving  with  comparative  slowness  through  the  great  length  of  the 
1  alary  coil,  produces  a  spark  having  a  sensible  duration  (and 
therefore  in  character  like  that  of  a  Leyden  jar  passed  through  a 
wet  thread)  is,  when  the  jar  b  used,  first  employed  in  raising  up 
*  antic  induction  charge*  which,  when  dbcharged,  produces  a  ton- 
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centrated  spark  of  no  sensible  duration,  and,  therefore,  much  more 
luminous  and  audible  than  the  former. 

This  difference  in  the  character  of  the  two  sparks  ie  well  illus- 
trated in  the  following  experiment  (Faraday,  Notices  of  the  Meet- 

hiya  of  tin-  Ti'vi/ai  In*titntiotif  June  8,  1855): — 

A  piece  of  platinum  wire  is  fixed  horizontally  across  the  ball  of  a  Leyden 
jar,  and  the  platinum  wire  secondary  terminals  brought  respectively  near 
its  ends;  two  interruptions  am  tans,  produced  in  the  secondary  circuit,  the 
sparks  at  which  are  like  each  other,  and  equal  in  quantity  of  electricity,  » ho 
jar  as  yet  forming'  only  an  insulating  support.  But  if  in  addition,  either 
secondary  terminal  be  connected  by  &  wire  with  the  outside  of  the  jar,  the 
spark  on  that  side  assumes  the  bright  load  character  before  described,  but 
ceases  to  fire  gunpowder  or  wood?  and  nobody  would  at  first  suppose  (what 
lly  tht  case)  that  there  is  the  same  electricity  passing  in  one  as  in  the 
other, 

If  one  of  the  secondary  terminals  be  connected  with  the  outside  of  the 
Leyden  jar,  and  the  other  be  brought  near  the  knob,  a  soft  spark  appears  at 
that  interval  for  every  successive  current  in  the  primary  circuit.  This 
spark  is,  however,  double,  for  the  electricity  thrown  into  the  jnr  at  the 
moment  of  induction  is  discharged  back  again  at  the  same  place  the  instant 
the  induction  is  o»er.  The  first  discharge  beat*  and  prepares  the  air  there 
for  the  second  discbarge,  and  the  two  are  so  nearly  simultaneous  as  to  pro- 
duce the  appearance  of  a  single  spark  to  the  unaided  eye. 

In  11 U  these  experiments  the  exterior  pole  of  the  secondary  vira 
must  be  in  contact  with  the  knob  of  the  jar,  unless  it  be  insulated. 
in  which  case  it  is  immaterial  which  way  the  connections  are 
made.  When,  two  coils  are  properly  connected  together  through 
their  primaries  and  secondaries,  and  a  battery  of  from  10  to  15 
cells  of  the  nitric  acid  battery  employed,  the  extent  of  coated  sur- 
face may  be  increased  to  7  square  feet ;  the  discharge  sparks  are 
the  fully  J  of  an  inch  in  length,  piercing  stout  card,  and  accom- 
panied by  a  loud  and  continuous  noise. 

With  ItuhmkorfT'a  large  coil  (186),  electrical  batteries  may  be 
charged  and  discharged  with  a  continuous  and  almost  deafening 
Dotal  The  most  brilliant  effects  are,  however,  produced  by  charging 
11  series  of  jars  by  txuoada  (Fiji  +6,  p.  48).  When  six  jars,  each 
containing  about  two  square  feet  of  coated  glass,  are  employed,  a 
continuous  stream  of  the  most  dazzling  light,  6  inches  in  length,  ia 
produced,  accompanied  by  a  noise  that  cannot  long  be  endured. 
With  one  jur,  the  discharge  spark  is  2^  inches  long  ;  with  two  jars, 
3J  inches;  with  three  jars,  f|  inches;  with  four  jars,  5  inches; 
nnd  with  five  jars,  5^  inches. 

The  manner  of  arranging  a  Leyden  jar  for  continuous  chitrginir 
and  discharging  by  the  alternating  induced  current  is  shown  in 
J  -"us.  191,  the  outer  and  inner  coatings  being  respectively  in  com- 
munication with  the  poles  of  the  secondary  coil,  and  the  terminals 
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cation  with  one  of  the  poles  of  the  coil,  and  the  inner  with  one  of 
the  arms  of  the  discharger,  the  other  arm  of  which  is  in  communi- 
cation with  the  other  pole  of  the  coil  j  the  points  of  the  discharger 
are  set  two  or  three  inches  apart. 

Now  it  must  be  remembered  that,  when  the  poles  of  the  second- 
ary coil  are  connected  by  a  metallic  wire,  or  other  good  conductor, 
there  are  two  currents  moving  through  it  alternately  in  opposite 
directions,  but  that,  when  the  poles  are  separated,  one  only  of  these 
waves  or  currents  is  brought  into  action,  that,  namely,  produced 
when  battery  contact  with  the  primary  is  broken,  which  is  by  far 
the  most  intense  ;  the  other  wave,  that  produced  by  making  bat- 
tery contact,  is  stopped  off  from  the  secondary  wire,  being  ex- 
pended in  the  primary  wire  itself,  as  has  already  been  stated 
(181).  The  jar^  therefore,  receives  not  an  alternating  but  a  direct 
charge,  and  after  a  few  sparks  have  passed,  it  may  be  removed 
and  discharged  in  the  usual  manner.  With  RuhmkorfFs  large 
instrument  above  described  (186),  a  battery  containing  10  square 
feet  of  glass  is  charged  to  saturation  in  a  few  seconds. 
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PART  VIIL 

THERMO-ELECTRICITY. 


Discovery — Thermo-electric  Series — Thermo-electric  Batteries—  Absorption 
and  Generation  of  Heat — Thermo-Currents  from  Fused  Salts. 

(196)  Seebeek's  Discovery. — In  the  year  1821,  Professor 
Seebeck,  of  Berlin,  ascertained  that  electrical  currents  may  be 
excited  in  all  metallic  bodies  by  disturbing  the  equilibrium  of 
temperature,  the  essential  -conditions  being  that  the  extremities 
should  be  in  opposite  status  as  regards  temperature.  His  appa- 
ratus was  remarkably  simple :  it  consisted  of  two  different  metals 
(antimony  and  bismuth  were  found  the  most  efficient)  soldered 
together  at  their  extremities,  and  formed  into  frames  of  either,  a 
circular  or  a  rectangular  figure.  Electricity  was  excited  by  heat- 
ing one  of  the  compound  corners  by  the  flame  of  a  spirit  lamp,  and 
cooling  the  opposite  corner  by  wrapping  a  few  folds  of  filtering 
paper  round  it,  and  moistening  it  with  ether. 

In  Fig.  293,  ccita  plate  of  copper,  the  ends  of  which  are  bent  at  right 
Fig.  19}. 


angles,  and  soldered  to  a  plate  of  bismuth,  0  6 ;  a  magnetized  needle  is 
balanced  in  the  interior  of  the  circuit.    The  apparatus  being  placed  in  the 
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magnetic  meridian,  one  of  the  junctions  of  the  metal*  is  heated  by  n  spirit- 
lamp,  the  needle  is  immediately  deflected,  showing  tha  passage  of  an.  elec- 
trical current  in  the  direction  of  the  arrow  head,  i.e.,  from  the  hot  to  the 
cold  end. 

In  Fig.  294,  two  frames  composed  of  platinum  and  silver  wires  are  deli- 
cately poised  on  the  poles  of  a  horseshoe  magnet,  a  spirit- 
lamp  being  placed  between  them,  the  flame  of  which  F<g.  194. 
causes  the  circulation  of  thermo-electric  currents  in  the 
•wires,  as  shown  by  their  rotation  round  the  poles  of  the 
magnet. 

If  the  extremities  of  two  platinum  wires  be  each  coiled 
into  a  flat  spiral,  and  the  other  ends  connected  with  a 
delicate  galvanometer,  a  current  of  electricity  will  he 
determined  through  the  instrument  by  merely  heating 
one  spiral  to  redness  and  laying  it  on  the  other,  the  flow 
of  the  current  being  from  the  hotter  to  the  colder  portion. 

If  portions  of  a  metallic  wire  be  stretched  by  weights, 
and  connected  with  other  portions  of  the  same  wire  not 
so  stretched,  it  has  been  shown  by  Thomson  that  on 
applying  heat  to  their  junctions,  a  current  is  determined  from  the  stretched 
to  the  unstretched  wire  through  the  heated  point. 

(197)  TUermo-electrtc  Series.  —  Experiments  have  shown 
that  the  thermo-electric  properties  of  metals  have  no  connection 
with  their  voltaic  relations,  or  with  their  power  of  conducting 
heat  or  electricity;  neither  do  they  accord  with  their  specific 
gravities  or  atomic  weights.  In  forming  a  thermo-electric  series, 
it  is  desirable  to  combine  an  extreme  positive  with  an  extreme 
negative  metal.  The  following  series  was  arranged  by  Professor 
dimming.  When  any  of  these  metals  are  heated  at  their  point 
of  junction,  electrical  currents  are  developed  in  such  a  manner 
that  each  metal  becomes  positive  to  all  below  and  negative  to  nil 
above  it  in  the  list,  and  the  reverse  order  is  observed  if  the  point 
of  junction  be  cooled  : — 

Galena  Rhodium 

Bismuth  Gold 

Mercury   >  Copper 

Nickel       f  Silver 

Platinum  Zinc 

Palladium  Cadmium 

Cobalt  )  Charcoal 

Manganese/  Plumbago 

Tin  Iron 

Lead  Arsenic 

Brass  Antimony 

The  following  thermo-electric  order  and  energy  of  various  bodies 
for  temperatures  usually  ranging  between  about  400  and  ioo°  has 
been  published  by  Matthiessen(iV^7,  Tnnts.,  1858).  In  the  table  the 
electromotive  force  of  the  thermo-current  excited  between  silver 


350 


thermo-electricity. 


and  copper  ib  taken  aa  equal  to  i,  the  current  passing-  from  the 
silver  to  the  copper  at  the  heated  end.  The  numbers  represent 
the  force  of  the  current  between  silver  and  each  metal  in  succes- 
sion, heated  to  the  same  point.  Where  the  positive  sign  is  pre- 
fixed, the  current  ia  from  the  silver  to  the  other  metal  Kl 
heated  junction;  where  the  negative  sign  is  prefixed,  the  current 
is  from  the  other  metal  at  the  heated  point  towards  the  silver. 
The  asterisks  denote  that  the  metal  by  which  it  is  placed  was  sup- 
posed to  be  chemically  pure  : — 

Thermo-electric  Order  of  MetaU,  8fc.}  according  to  Jlatthiessen. 


Bismuth,  commercial  pres- 
sed wire 

"Bismuth,  pressed  wire.     . 

"Bismuth,  cast      .... 

Crystallized  Bismuth,  axial 

Crystal  of  Bismuth,  equa- 
torial     

Cobalt     .     . 

Potassium 

Nickel     ....... 

Palladium    , 

Sodium 

•Mercury 

Aluminum 

Magnesium  ...... 

"Lead,  pressed  wire  .     .     , 

"Tin,  pressed  wire     .    .    . 

Copper  wire     ..... 

Platinum     ..... 

Iridium 

"AntimonVj  pressed  wire  . 

"Silver 


35**i 

31-91 

2496 
"H'59 


1  :::> 
0713 
0163 
0*036 
crooa 


Gas  coke,  hard  . 
•Zinc,  pressed  wire 
"Copper,  voltaic  . 
"Cadmium  .  .  . 
Antimony,  pressed  wire 
Strontium    .... 

Lithium 

"Arsenic 

Calcium 

Iron,  piano  wire  .  . 
Antimony,  axial  .  . 
Antimony,  equatorial 
*Red  phosphorus 
'Antimony,  cast  .  . 
Alloy,  is  bismuth  "1 

1  tin,  cast  J  ' 

Alloy,  2  antimony  l 

1  zinc,  cast  J 

"Tellurium  .... 

•Selenium    .... 


0-057 

0'20g 


13  670 

2270 

i79'8o 

2900 


(798)  Thermo-electric  Filet  and  Batteries. — The  arrange- 
ment of  the  thermo-pile  by  Nobili  and  Melloni  is  shown  in  Figs. 
295  and  296.     It  ia  composed  of  a  sevi 
Pig-.  105.  small  bars  of  antimony  and  bismuth,   placed 

Hrtf parallel  side  by  side,  forming  one  prismatic 

bundle  about  ij  inch  lniiir,  niiil  somewhat  less 
in  diameter.  The  bars  of  bismuth  which  suc- 
ceed alternately  to  those  of  antimony  are  sol- 
dered at  their  extremities  to  the  latter  metal, 
and  separated  at  every  other  part  of  their  sur- 
faces by  some  insulating  substance  siu-h  ns  sill 
and  paper.  The  first  and  last  bars  hove  each  a  copper  wi*e 
which  terminates  to  a  peg  of  the  same  metal  passing  through  a 
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piece  of  ivory  fixed  in  a  ring ;  the  space  between  thia  ring  and 
the  element*  of  the  pile  is  filled  with  some  insulating  substance. 
This  apparatus  was  employed  by  Mel- 
lon! in  his  experiments  on  radiant  heat.  Fig.  196. 
The  loose  extremities  of  the  copper  wires 
nre  connected  with  the  ends  of  the  wire 
of  a  galvanometer  which  indicates  by 
the  motion  of  the  needle  any  variation 
in  trie  temperature  of  the  opposite  faces 
of  the  pile. 

Two    forma  of   the    thermo-electric 
battery  are  shown  in  Figs.  197  and  298, 

Locke's  thermo-battery  (Fig.  297)  ia  com- 
posed of  from  30  to  100  series  of  bars  of  an- 
timony and  bismuth,  soldered  together  at 
ill,  1  r  extremities,  and  placed  in  a  metallic 
cylinder,  which  is  then  filled  with  plaster  of  Paris,  leaving  merely  the  ex- 
tremities of  the  bars  exposed.  The  first 
Tig.  107.  bar  of  bismuth  is  connected  with  one  of 

9  the  binding  screws,  and  the  last  antimony 

bar  with  the  other.  The  instrument  is  put 
in  action  by  placing  it  on  a  vessel  of  ice, 
and  then  laying  a  hot  iron  plate  on  the  top. 
Wiitkina'a  massive  thermo-battery  is 
shown  in  Fig.  ztj8.  It  consists  of  an  asso- 
ciation of  square  bismuth  and  antimony 
plates  alternately  soldered  together  so  as 
to  form  a  composite  battery,  mounted  in 
a  frame,  with  the  upper  and  lower  junc- 
tions of  metal  exposed.  When  either  of 
the  ends  are  slightly  elevated  or  depressed 
in  regard  to  temperature,  the  electric  cur- 
renl  ia  established,  and  with  the  radiation 
of  red-hot  iron  at  one  extremity,  and  ice 
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at  the  other,  all  the  ordinary  electric  phenomena,  such  as  the  spark,  heat, 
electro-magnetic  rotations,  chemical  action,  Sec,  are  developed. 
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Instead  of  bismuth,  and  antimony,  Bunsen  uses  as  the  elements 
of  his  flu'mio-bitttory  Copper  jiyritc-  emnbined  with  copper,  01 
pyrolmite  combined  with  copper  or  platinum.  Ten  of  such  com- 
1'iiuitions  give  all  the  actions  nf  a  Daniell  battery,  having  an  effec- 
tive copper  surface  of  14  square  centimetres  (a'17  square  inches) 
in  area.  Stefan  employs  granulated  sulphide  of  lead  for  the  posi- 
tive, mid  copper  pyrites  for  the  negntiv  element — the  power  of  a 
single  pnir,  as  compared  with  a  Daniell's  cell,  is  stated  to  he  as  1  to 
5*5.     Marcus  uses  for  the  positive  metal  an  alloy  composed  of 

Copper        ....         10  parts 

Zinc 6  parts 

Hickel       ....         6  parts 

.ind  for  the  negative  an  alloy  composed  of 

Antimony  .  .        12  parts 

Zlna 5  parts 

bismuth     ....  1  part 

The  elements  of  his  battery  are  about  7  inches  long,  7  lines 
lirund,  and  half  a  line  thick ;  they  are  screwed  together,  and  bo 
arranged  that  their  lower  junctions  can  be  heated  by  a  row  of  gas 
jets,  and  the  upper  cooled  by  a  current  of  water.  The  electro- 
motive force  of  one  element  is  equal  to  one-twenty-fifth  of  a  Bun- 
sen's  cell.  Six  pairs  decompose  water;  thirty  pairs  cause  an 
electro-magnet  to  lift  1 50  lbs.  ;  and  one  hmirirrtl  and  tnentysLv 
pairs  decompuse  water  at  the  rate  of  15  cubic  inches  of  mixed 
gases  per  minute,  and  melt  a  platinum  wire  half  a  millimetre  in 
thickness. 

The  conversion  of  heat  into  electricity  by  this  battery  iB  strik- 
ingly shown  by  the  fact  that  the  water  used  for  cooling  the  upper 
junctions  is  more  rapidly  warmed  when  the  current;  is  broken 
than  when  it  ia  closed. 

It  was  stated  by  Marcus,  in  a  communication  to  the  Austrian 
Academy  of  Sciences,  that  he  had  constructed  a  furnace  consuming 
240  lbs.  of  coal  per  day,  intended  to  heat  768  elements  of  his 
thermo-battery,  the  electro-motive  power  of  which  would  be  equi- 
valent to  30  cells  of  Bunsen "s  nitric  acid  nrrangement. 

Wheatatone  has  constructed  a  thermo-pile  on  Marcus's  prin- 
ciple ;  be  finds  that  its  power  is  greatly  increased  by  repeatedly 
melting  the  alloy  composing  the  bars,  probably  in  consequence  of 
their  crystalline  structure  being  thereby  broken  down.  Si.rty  of 
Wheatatone's  elements  produced  the  following  effects.  They  give 
a  brilliant  spark ;  raise  to  incandescence,  and  fuse  half  an  inch  of 
tine  platinum  wire;  decompose  water;  electroplate  copper  with 
silver;  make  an  electro-magnet  lift  1$  cwt. ;  and  give  bright  sparks 


ABSORPTION   AND   GENEISATION    OF    HEAT. 


from  the  primary  and  secondary  coila  of  a  Ruhmkorff  induction 
coil :  in  fact,  they  reproduce  all  the  effects  obtainable  from  a  voltaic 
battery,  the  electromotive  force  of  which  ia  equal  to  two  Daniell's 
cells. 

(199)  Absorption  and  Generation  of  Beat. — Peltier  dis- 
covered the  fact  that  when  electricity  traverses  a  compound 
metallic  conductor  from  bismuth  to  antimony,  heat  ia  absorbed, 
but  that  when  the  current  traverses  the  conductor  in  the  contrary 
direction,  heat  is  generated.  The  fact  ia  referred  to  by  Joule 
(Phil.  Matj.y  1843),  aa  showing  how  it  may  be  proved  that  when 
an  electrical  current  is  produced  from  a  purely  thermal  Bource, 
the  quantities  of  heat  evolved  electrically  in  the  different  homo- 
geneous parts  of  the  circuit  are  only  compensations  for  a  loss 
from  the  junctions  of  the  different  metals;  or,  that  when  the 
effect  of  the  current  is  entirely  thermal,  there  must  be  juat  an 
much  heat  emitted  from  the  parts  not  affected  by  the  source  as 
taken  from  the  source. 

Peltier's  observation,  the  accuracy  of  which  had  been  denied  by 
some  experimenters  (Phil.  Mag.,  vol.  v.  p.  197),  was  confirmed  by 
Tyndal  by  the  following  ingenious  experiment  (Phil.  Mag.,  1852, 
p.  419):— 

a  (Fig.  299)  is  a  curved  bar  of  bismuth,  with  each  end  of  which  a  bar  of 
antimony,  a  a,  is  brought  into  close  contact;  in  front  of  the  two  junctures 


Kg.  wo. 


jIrp, 


are  chambers  hollowed  out  in  cork  and  filled  with  mercury.  A  current  is 
sent  from  the  cell  b"  in  the  direction  indicated  by  the  arrow;  at  m  ii  passes 
from  antimony  to  bismuth ;  at  m'  from  bismuth  to  antimony.  Now  if  Pel- 
tier's observation  be  correct,  we  ought  to  hove  the  mercury  Rt  at  warmed, 
and  that  at  11'  cooled,  by  the  passage  of  the  current.  After  three  minute.*' 
circulation  the  voltaic  circuit  was  broken,  and  the  therm o  test  pair  a'  b' 
dipped  into  ji';  the  consequent  deflection  was  380,  and  the  sense  of  the  de- 
flection proved  that  at  m'  heat  had  been  absorbed.  The  needles  were  brought 
qntckly  to  rest  at  o°,  and  the  teat  pair  was  dipped  intosi;  the  consequent 
deflection  was  6cP,  and  the  Bense  of  the  deflection  proved  that  at  M  heat  hud 
been  generated.  The  system  of  bars  represented  in  the  figure  being  embedded 
in  wood,  the  junction  at  si  was  cooled  slowly,  and  would  have  taken  a 
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quarter  of  an  hour  nt  least  to  assume  the  temperature  of  the  atmosphere. 
'I'lii'  voUiiir  current  was  reversed,  and  three  minutes'  action  not  only  ab- 
sorbed all  the  heat  at  m,  but  generated  cold  sufficient  to  drive  the  needle 
through  an  arc  of  io°  on  tine  negative  side  of  of. 

It  was  shown  by  Lenz  (Pogg.  Ann.,  vol.  xliv.  p.  341),  thai  if 
two  bars  of  bismuth  and  antimony  be  soldered  across  each  other 
al  right  angles,  and  touched  with  the  conducting  wires  of  the  bat- 
tery, so  that  the  current  will  have  to  pass  from  the  bismuth  to 
the  antimony,  11  degree  of  cold  sufficient  to  freeze  water  may  be 
produced ;  if  a  cavity  be  excavated  at  the  poiat  of  contact,  and  a 
drop  of  water,  previously  cooled  to  nearly  3*°,  be  placed  therein,  it 
will  rapidly  become  ice. 

(200)  Tnenao-Currents  from  rased  Salts. — Tt  has  been 
-limvu  by  Dr.  Andrews  (Phil.  Mag.,  vol.  x.  p.  4.3 3J  that  on  elec- 
trical current  is  always  produced  when  a  fused  salt  capable  of  con- 
ducting electricity  is  brought  into  contact  with  two  metals  at 
different  temperatures,  and  that  powerful  nmnitiescan  be  ••vi-rcorue 
by  this  current,  quite  independently  of  chemical  action.  The 
direction  of  the  current  is  not  influenced  by  the  nature  of  the  salt 
or  metal,  being  always  from  the  hotter  metal  through  the  fu-i-il 
salt  to  the  colder.  Its  intensity  is  greatly  superior  to  that  of  the 
common  thenno-currents,  and  is  capable  of  decomposing  wilh 
facility  water  find  other  electrolytes.  Dr.  Andrews  succeeded  in 
decomposing  iodide  of  potassium  by  the  thermo-current  produced 
by  bringing  two  platinum  wires  of  unequal  temperatures  into  con- 
tact with  a  small  globule  of  fused  borax.  IJe  found  also  that 
currents  are  produced  before  the  salt  ia  actually  fused,  but  that 
their  direction  no  longer  follows  a  simple  law,  but  varies  in  a  most 
perplexing  manner,  being  first  from  the  hot  metal  to  the  cold,  then 
with  the  addition  of  heat  from  the  cold  to  the  hot,  and  again  with 
a  second  addition  of  heat  from  the  hot  to  the  cold. 
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CHAPTER  I. 

LANE    AND    AEHIAL    TELEGHAPIIS. 

Early  Notions — Telegraphs  of  Ronalds,  Summering,  Schilling,  Gauss  and 
Weber,  and  Steinheil;  of  Coolce  and  Wheatstone;  Single  and  Double 
Needle  Telegraphs — Alarums  j  Batteries — Overground  Wires — Under- 
ground Wirea — The  Earth  Circuit — The  Morse  Printing  Telegraph — 
Modifications  of — Relays — The  Printing  Telegraphs  of  House  and  Hughes 
— Magnetic  Telegraphs— Acoustic  Telegraphs — Dial  Telegraphs — Wheat- 
Btone's  Universal  Telegraph  and  Automatic  System. 

(201)  Early  Wot  Ions  of  Electric  Telegraphy. — Almost  OB 
soon  as  it  had  become  known  that  conducting  wirefl  had  the  power 
of  transmitting  electricity  instantaneously  through  distances  -of 
several  miles,  it  occurred  to  several  electricians  that  correspond- 
i'ikv  between  distant  parties  might  be  accomplished  by  electric 

HCtlOH. 

From  the  time  that  Dr.  Watson  showed  that  the  electric  shock 
could  be  transmitted  instantaneously  through  a  circuit  of  two  miles 
and  more  of  water  in  174.7  (35)>  there  have  been  numerous  con- 
trivances for  npplying  frictional  electricity  to  telegraphic  commu- 
nication. The  first  direct  experiment  appears  to  have  been  made 
by  Lesage,  who,  in  the  year  177+,  established  in  Geneva  an  electric 
telegraph,  consisting  of  2+  metallic  wires,  well  insulated  from  each 
other,  and  each  tn  communication  with  a  small  pith-ball  electro- 
meter, which  could  be  diverged  by  an  electrical  machine,  and 
caused  to  point  to  a  letter  or  any  other  conventional  signal.  A 
few  years  later  M.  Lomond  (Young's  Travels  in  France f  vol.  i.  p. 
an)  suggested  the  employment  of  a  pith-ball  electrometer ;  and 
in  1794,  Reiser,  a  German,  invented  a  telegraph  in  which  signals 
were  transmitted  by  electric  discharges  sent  through  strips  of  tin- 
foil, in  which  were  breaks  so  aiTanged  as  to  represent  letters  which 
became  illuminated  by  the  discharge  (as  represented  in  Fig.  29, 
p.  34.).  Cavallo,  in  his  Treatise  on  ffleitrieity,  published  in  1795 
(vol.  iii.  p.  28  5),  proposed  to  transmit  signals  by  the  inflammation 
of  various  combustible  or  detonating  substances  by  the  discharge 
of  a  Leyden  phial ;  and,  in  1787,  Betancourt  tried  similar  experi- 
ments in  Spain. 

aa  2 
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(202)  Ronalds'  Electric  TeXegTapb. — This  was  invented   in 
1816,  and  fully  described  by  the  inventor  in  18x3. 

A  circular  brass  plnte  (Fig.  300),  divided  into  20  equal  parts,  was  fixed 
upon  the  seconds  arbor  of  a  clock  which  beat  dead  MOOflds.     Each  division 
•rai  marked  by  a  figure,  a  letter,  and  a  preparatory  sign.    The  figure* 
divided  into  two  aeries,  from  1  to  10,  and  the  loiter*  were  arranged  alpha- 
betii  illy,  leaving  out  J,  Q,  VV,  X,  Z. 

iiifore  and  over  this  disc  waa  fixed  another  plate,  capable  of  being  occa- 
sionally moved  by  the  hand  round 
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its  centre,  which  had  an  aperture 
of  .such  dimensions,  that  whilst  the 
disc  was  carried  round  by  the  mo- 
tion of  the  clock,  only  one  of  the 
letters,  &c,  could  be  seen  tlin  1 
the  aperture  at  the  same  time  :  for 
instance,  the  figure  9.  the  left 
and  the-  sign  'Ready,'  are  now 
visible  through  the  aperture  in 
Fig.  300.  In  front  of  this  pair  of 
plates  was  suspended  a  pith-ball 
electrometer  from  a  wire  c  which 
was  insulated  and  communicated 
with  a  cylindrie  electrical  machine 
of  only  6  inches  in  diameter,  and 
with  a  wire  525  feet  long,  which 
was  insulated  in  glass  tubes,  sur- 
rounded by  a  wooden  trough  filled 
with  pitch,  and  buried  in  41  trench 
4  feet  deep  in  the  ground. 
Another  similar  electrometer  was  suspended  in  the  same  manner  before 
another  clock  similarly  furnished  with  the  same  kind  of  plates  and  electrical 
machine.  This  second  clock  and  machine  were  situated  at  the  oilier  ■ 
the  buried  wire,  and  the  clock  was  adjusted  to  go  as  nearly  as  possible 
synchronously  with  the  first.  Hence  it  is  evident  tbat,  when  the  wire  waa 
charged  by  the  machine  at  cither  end,  the  electrometers  at  both  ends  di- 
verged. When  it  was  discharged  suddenly  at  either  station,  they  both 
collapsed  at  the  same  instant;  and  when  it  was  discharged  at  the  moment 
when  a  given  letter,  figure,  or  sign  on  the  lower  plate  of  one  clock  appeared 
through  the  aperture,  the  Same  figure,  litter,  and  sign  appeared  a| 
view  at  the  other  clock;  and  tbat  by  such  discharges  of  the  win 
station,  and  by  noting  down  the  letters,  figures,  or  signs  in  view  at  the  other, 
any  required  words  could  be  spelt  and  the  figures  transmitted. 

Booh  are  the  leading  principlea  of  this  invention,  which  ie  c 
raeterised  by  great  ingenuity.  It  does  not  appear,  however,  tbat 
Ronalds  ever  tried  to  work  bis  telegraph  at  greater  distances  1  hun 
525  feet,  ae,  on  communicating  his  invention  to  the  Admiralty,  h« 
was  informed  '  that  telegraphs  of  any  kind  wen  then  irfi.dlu  n 
country,  am/  that  IW  othtt  t!«m  the  one  in  use  would  be  adopted'  (gee 
bia  Pamphlet,  p.  24). 
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(203)  Soemmering'*  Electro-chemical  Telegraph. — In  this 
invention,  described  in  181  z,  an  attempt  was  made  to  communicate 
signals  by  the  decomposition  of  water  by  the  voltaic  pile.  With 
this  view,  35  gold  pina  were  passed  through  the  bottom  of  a  glass 
vessel  containing  acidulated  water,  each  pin  corresponding  to  am 
of  the  letters  of  the  alphabet,  or  to  one  of  the  ten  numerals.  Each 
pin  was  connected  by  an  insulated  copper  wire  of  any  required 
length  to  one  of  35  plates  fixed  transversely  on  a  wooden  bar,  rod 
through  the  front  of  each  of  the  plates  there  was  a  small  hole  for 
the  reception  of  two  braes  pins,  one  of  which  was  connected  with 
the  positive  and  the  other  with  the  negative  pole  of  a  voltaic  pile, 
Each  of  the  35  plates  was  arranged  to  correspond  with  one  of  the 
•ild  pine  in  the  glass  reservoir,  and  was  lettered  accordingly. 
When  thus  arranged,  the  two  pins  from  the  pile  were  to  be  belli 
one  in  each  hand,  and  the  two  plates  being  selected,  the  pins 
were  to  be  pnt  into  their  holes,  and  the  communication  thus  estab- 
lished. The  gas  evolved  at  the  two  distant  corresponding  points 
nt  ill.-  Mirim  instant  could  be  made  to  indicate  every  letter  and 
numeral  in  accordance  with  certain  rules.  By  varying  the  amount 
of  gas  given  off  at  a  given  time,  and  by  varying  also  the  periods  of 
time,  the  number  of  wires  might  be  reduced  from  35  to  2,  and  the 
construction  of  the  telegraph  thus  much  simplified.  Sehweigger 
proposed  to  diminish  the  number  of  signals  by  employing  two  piles, 
one  considerably  stronger  than  the  other,  sometimes  using  one. 
sometimes  the  other,  and  at  other  times  both  combined. 

A  proposition  to  employ  the  voltaic  pile  to  indicate  aignnb 

made  in  18  jo,  by  Coxe,  of  Philadelphia  (Thomson's  Amtffkof 
*hUosaphy).  He  gives  two  methods — one  by  the  decomposition  of 

uter,  and  the  other  by  that  of  metallic  salts. 

(204.)  Electro-magnetic  and  Magneto-electric  Telegraphs 
of  Schilling-,  Gauss  and  Weber. — Shortly  after  the  discovery 
f  electro-iuiignetism  by  Oersted,  in  1819  (147b  Ampere  pointed 
ut  to  the  Royal  Academy  of  Sciences  of  Paris  the  possibility  of 
constructing  an  electric  telegraph  with  magnetic  needles,  surrounded 
by  coils  of  wire  ,  and  in  1 8ja  Baron  Schilling  exhibited  before  the 
Emperor  Alexander  an  electric  telegraph,  constructed  of  a  certain 
number  of  platinum  wires  insulated  and  bound  together  with  n 
silk  cord,  which  set  in  motion,  hy  means  of  a  key  connected  with 
a  voltaic  pile,  five  magnetic  needles  placed  vertically  in  the  centre 
uf  a  coil.  The  motion  of  one  of  these  needles  at  the  commence- 
ment of  the  signalling  caused  a  leaden  weight  to  fall,  the  concus- 
sion of  Which  set  in  ndion  a  flock  alarum. 

Gauss  and    Weber,  in    1835,  employed   the    magneto-electric 
machine  to  give  motion  to  the  magnetic  needle,  which  was  en- 
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Fig.  101. 


doted  in  a  coil  composed  of  3,000  feet  of  wire.  By  means  of  a 
commutator,  the  needle  could  be  deflected  in  either  1 
and  its  movements  were  observed  with  the  aid  of  a  lens.  This  if  le- 
graph  was  actually  worked  at  a  distance  of  one  mile  and  a  quarter. 
(205}  Steinbeil'a  Bounding  Magneto-electric  Telegraph. 
— This  instrument,  which  was  at  work  in  July  1837,  waa  fullv 
described  by  its  author  in  a  communication  to  the  Aeadetnv  of 
Bmeafiea,  September  10,  1838.  It  was  a  printing  and  sounding 
telegraph,  and  mi  worked,  like  that  of  Gauss  and  Weber,  by  the 
magneto-electric  machine  ;  only  one  wire  was  employed,  the  earth 
be  in;:  used  to  complete  the  circuit.  To  communicate  signals  by 
sound,  Steinheil  used  two  bells  of  different  tones,  either  of  which 
could  be  struck  at  pleasure  by  the  needles;  and  to  make  a  perma- 

nriii  record  of  a  sig- 
nal, dots  were  made  on 
paper  moved  by  mi- 
rhiiiery  ill  front  of  the 
needles,  each  of  which 
was  furnished  with  a 
little  tubo  containing 
ink. 

This  telegraph  v 
worked  through  11 
miles,  and  with  8  sta- 
tions in  the  circuit :  its 
invention  was  a  great 
step  in  the  advance- 
ment of  electro-tel  •- 
graphing,  since  it  esta- 
blished the  fact  of  the 
sufficiency  of  the  earth 
to  complete  the  circuit 
(206)  Cooke  and 
Wbeatstane's  rive 
Needle  Telegraph. 
— This  instrument,  thi 
patent  for  which  was 
sealed  June  12, 1837,  Is  . 
shown  in  Fig.  301,  and 
was  thus  described  by  Wheatstone  in  his  examination  before  the 
Parliamentary  Committee  on  Railways:  — 1 

•  Upon  a  diiil  are  arranged  5  magnetic  ■writes  in  a  vertical  position;  20 
letters  of  tiie  alphabet  are  marked  upon  the  face  of  the  dial,  and  the  vai 
letters  are  indicated  by  the  mutual  convergence  of  two  needles  when  the* 


are  caused  to  move.  These  magnetic  needles  are  acted  upon  by  electrical 
currents  passing  through  coils  of  wire  placed  immediately  behind  them. 
Each  of  the  coils  farms  a  portion  of  a  communicating  wire  which  may  extend 
to  any  distance  whatever. 

'These  wires  at  their  termination  are  connected  with  an  apparatus  which 
may  be  called  a  communicator,  because  by  means  of  it  the  signals-  are  com- 
municated. It  consists  of  5  longitudinal  and  2  transverse  metallic  bars  fixed 
in  a  wooden  frame  ;  the  latter  are  united  to  the  poles  of  a  voltaic  battery, 
and,  in  the  ordinary  condition  of  the  instrument,  have  no  metallic  communica- 
tion with*  the  longitudinal  bars,  which  areeach  immediately  connected  with  B 
different  wire  of  the  line;  on  each  of  these  longitudinal  burs?,  stops  are  placed, 
funning  together  a  parallel  rows.  When  a  stop  of  the  upper  row  is  pressed 
down,  the  bar  upon  which  it  is  placed  forms  metallic  communication  with 
the  transverse  bar  below  it,  which  is  connected  with  one  of  the  poles  of  the 
battery;  and  when  one  of  the  stops  of  the  lower  row  is  touched,  another  of 
the  longitudinal  bars  forms  a  metallic  communication  with  the  other  pole  of 
the  voltaic  battery)  and  the  current  flows  through  the  two  wires  connected 
with  the  longitudinal  bars  to  whatever  distance  they  may  be  extended, 
passing  up  one  and  down  the  other,  provided  they  be  connected  together  at 
tli-  ir  opposite  extremities,  and  affecting  magnetic  needles  placed  before  the 
coils  which  are  interposed  in  the  circuit.' 


By  reference  to  the  figure,  it  will  be  seen  that  of  the  terminal 
wires  of  the  5  galvanometers,  5  are  represented  as  passing  out  of 
the  side  of  the  telegraph  ease  on  tbe  left  hand,  and  the  other  5  on 
the  right ;  they  are  numbered  1,1,  3,  4.,  5.  The  wires  of  the  same 
number  as  the  multiplier  are  those  which  belong  to  it  und  are 
continuoua.  Thtia  the  wire  1  on  the  left  hand  proceeds  from  the 
first  coil  of  multiplier  1,  then  to  the  second  coil,  and  then  coming 
off,  patees  out  of  the  case  and  is  numbered  1  on  the  right  hand, 
and  so  on  with  the  other  wires.  Tho  letters  C,  J,  Q,  U,  X,  Z  are 
not  represented  on  the  dial.  Each  needle  has  two  motions,  one  to 
the  right  and  one  to  the  left.  For  the  designation  of  any  of  tin; 
letters,  the  deflection  of  two  needles  is  required ;  but  for  the  nume- 
rals, one  needle  only.  The  letter  intended  to  be  noted  by  tho 
observer  is  designated  in  tbe  operation  of  tbe  telegraph  by  the 
joint  dffleetlon  of  two  needles  pointing  by  their  convergence  to  the 
letter.  For  example,  in  the  iigure,  the  needles  1  and  4  cut  each 
other  by  the  lines  of  their  joint  deflections  at  the  letter  V  on  the 
dial,  which  is  tho  letter  intended  to  be  observed  at  the  receiving 
.station.  Jn  the  same  manner  any  other  letter  may  be  selected. 
Suppose  the  needle  1  to  be  vertical,  as  needles  a,  3,  and  5,  then 
needle  4.  only  being^deflected,  points  to  the  numeral  4.  as  the  num- 
ber intended  to  be  designated. 

(207)  Cooke  and  Wheatstone's  Single  Nee  ate  Telegraph. 
— This  instrument,  which  was  patented  May  6,  1845,  'a  shown  iu 
Figa.  302  and  303.     It  is  essentially  composed  uf  a  single  multi- 
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plier,  with  an  indicator  fixed  vertically  on  11  horizontal  axis,  and 
moving  in  front  (if  ft  dial-plate.  Tlii-  indicator  may  be  either  h 
light  strip  of  wood  or  a  magnetic  needle;  if  the  latter,  ita  polM 
must  ha  in  a  reversed  position  to  those  of  the  needle  in  the  bobbin. 
When  the  voltaic  current  is  sent  tbrougli  the  coil,  the  need!*-  ii 
deflected  to  the  right  or  to  the  left  according  to  the  direction  in 


fig.    104. 


which  the  current  passes.  The  alphabet  is  situated  both  on  tin1 
right  and  the  left-hand  side  of  the  needle ;  some  letters  require 
four  movements  of  the  needle,  but  the  last  motion  which  completes 
the  indication  of  a  letter  situated  on  the  riurht-iiiand  side  is  always 
a  movement  to  the  right ;  in  like  manner,  the  last  motion  which 
completes  the  indication  of  a  letter  on  the  left  side  is  always  a 
movement  to  the  left.  For  example,  the  letter  W  is  indicated  by 
four  motions  of  the  needle,  three  to  the  left  and  one  to  the  right; 
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the  letter  I  also  is  indicated  by  four  motions,  to  the  right  and 
then  to  the  left,  then  again  to  the  right,  and  finally  to  the  left. 

Tho  code  of  signals  formerly  used  with  the  single  needle  tele- 
graph is  shown  in  the  following  diagram  ;  and,  hearing  in  mind  that 
the  deflections  of  the  symbols  for  each  letter  commence  in  the 
direction  of  the  short  marks  and  end  with  the  long  ones,  it  will  be 
seen  that  the  deflections  of  a  single  needle  may  be  made  to  denote 
nil  the  letters  of  the  alphabet: — 


Fig.  jo*. 
+       ABC  MNQP 

\      \\     N^\    \\^\     H      /     //      ///    //// 


D  E  F 

\  \v  \\v 

G  H  I 

V  \v  \ 

Q  K  L 


R  S  T 

j  y/  j// 

U  V  w 

/  y/  y 

X  Y  Z 


The  numerals  are  inscribed  on  the  dial  underneath  the  needle, 
and  are  indicated  by  the  movements  of  its  lower  half.  For 
example,  the  figure  4  is  designated  by  the  motion  of  the  lower 
extremity,  once  to  the  right  and  onco  to  the  left ;  the  figure  9  by  a 
movement  onco  to  the  left  and  once  to  the  right,  and  so  on. 

The  internal  mechanism  of  the  telegraph  is  exhibited  in  Fig. 
305.  A  is  the  bobbin,  in  the  interior  of  which  is  placed  either  a 
single  magnetic  needle  in  the  form  of  a  Rhomboid  i£  inch  long  by 
Jths  of  an  inch  broad,  or,  which  Walker  prefers,  several  highly  mag- 
netized short  needles  firmly  secured  on  either  or  both  sides  of  a 
very  thin  ivory  disc.  The  exterior  or  index  needle  is  about  three 
inches  long.  The  frame  of  the  coil  is  made  of  copper,  wood,  or 
ivory  ;  it  is  screwed  to  a  plate  of  varnished  copper  against  the  side 
of  the  telegraph  case.  The  copper  wire  surrounding  the  bobbin  a 
is  about  T&Trth  of  an  inch  in  diameter,  and  is  well  covered  with  cot- 
ton; one  end  of  the  wire  from  the  right-hand  bobbin  is  in  contact 
with  the  screw  a,  which  by  means  of  a  metallic  strap  is  connected 
with  the  screw  g',  secured  on  the  base  of  the  apparatus;  the 
other  end  of  the  wire  on  the  left-hand  bobbin  is  in  contact  with 
another  screw  d,  supported  by  a  strip  of  brass  which  is  fixed  to 
1  he  bar;  from  this  brass  plate  there  rises  an  upright  stiff  steel 
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spring  >l,  which  presses  strongly  against  a  point  attached  to  an  in* 
uliilfil  brass  rod  j"  screwed  against  the  aide  of  the  case;  on 
opposite  side  of  this  rod  in  another  point  Against  which  a  s- 

stiff  steel  spring    t?   presses; 
this    spring   is  !    to    a 

brass  plate  E,  trim  i  mil  rd  by 
a  binding  ecrew  ■* ;    e'  there- 
fore is  the  screw   tcitiiin. 
the  wire  from  the   left-hand 
coil.    If  o'  and  k'  be  now  con- 
nected by  11  v. ir-  w,  the  cur- 
rent will  flow  from  g'  throng! 
«  into  the  right-hand  coil, 
from  the  left-hand  coil  to  0, 
thence  through  drd'  ta  1 . 
from  the   terminal    screw 
round  the  wire   circuit   back 
to  g'  ;  and  if  the  wire  from  «' 
proceed  up  a  line  of  railway, 
and  the  wire  from    e'  <! 
the  line,  the  circuit  being  a 

throughout,  the  needle 
in   the  bobbin    \   will   In- 
flected by  a  current  pro 
jng   from   nuy  station    on 
line,  and  tbua  signals  will  be 
communicated. 
Battery  contact  is  broken,  and  the  direciion  of  the  i-um-nt  1.- 
versed,  by  the  action  of  the  springs  d  d",  in  the  following  man 
— B  ia  a  boxwood  drum,  moveable  by  a  handle  seen  at  n,  in  the 
front  of  the  base  of  Fig.  302.     Round  either  end  of  thiB  drum 
fixed  the  brass  caps  c  and  Z;  the  caps  do  not  touch  each  other,  a 
disc  of  boxwood  being  between  them.    Into  these  caps  are  screwed 
the  steel  projecting  pieces  c'  z',  which  become  the  poles  of  the 
battery,   '/.'   being  connected   with   ill-    zinc   end  and  c'  with    ll"' 
copper  end  ;  a  wire,  c,  from  the  copper  end  of  the  battery  conveys 
tin-  1 1111.  ni  i '  <;',  and  a  wire  from  the  zinc  end  along  ?.,  to  a  f 
spring  which  touches  s,  the  continuation  of  the  a  end  of  the  box- 
wood cylinder. 

Now  on   moving  the  drum  by  the  handle  11  (Fig.  3.01),  the 
steel  spring  d  will  be  raised  from  its  corresponding  point  on 
the  circuit  will  thus  become  broken,  and  by  continuing  the  motion 
of  the  drum,  the  wire  c  will  come  into  contact  with  the  spring 
below  it,  and  thus  there  will  be  a  battery  pole  at  either  end  of  the 
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drum,  and  signals  will  thus  be  made  on  the  dial;  and  on  all  the 
instruments  connected  with.  it.  The  connections  are  made  in  such 
■  manner,  that  when  tbe  handle  is  turned  to  the  right  the  needle 
moves  to  the  right.  The  exterior,  or  indicating  needle  is  always 
placed  with  its  >"  pole  upwards  ;  that  within  the  coil  with  its  K  polo 
downwards,  so  that,  in  accordance  with  Oersted's  fundamental 
law  (147),  looking  at  the  face  of  the  instrument,  if  we  see  the 
upper  part  of  the  needle  moving  towards  the  right,  the  spectator 
may  be  sure  that  the  current  is  ascending  in  that  half  of  the  wire 
which  is  nearest  to  him. 

A  simpler  form  of  manipulating  hey,  applicable  however  only 
to  single  needle  telegraphs,  and  which  haa  been  adopted  in  the 
military  instruments,  is  shown  in  Fig.  306, 

The  two  springs,  *  s',  are  screwed  to  a  block  in  sm:li  a  manner  that  when 
at  rest  they  press  upwards  against  the  metal  cross-piece  e.  To  insure  good 
contact  with  this  metal,  a  steel  point,  with  many  edges,  ia  brazed  to  the  tup 


I  208)  Cooke  and  Wneatitone's  Doable  Needle  Telegraph. 
— This  instrument,  which  is  now  in  general  use  for  railway  service 
in  this  country,  is  merely  a  combination  of  two  single  needle  in- 
struments j  it  is  represented  in  Fig.  307,  On  the  tup  of  the  case 
is  the  alarum  a,  which  is  worked  by  the  handle  B.  h  n'  are  the 
handles  by  which  the  two  needles  are  manipulated,  and  a  is  (he 
silent  apparatus.  The  internal  mechanism  is  precisely  similar  to 
that  of  the  single  needle  apparatus.  The  alphabet  used  will  be 
understood  from  Fig.  3o8,whicbrepresent3thefaceof  the  instrument 

Fig.  |o8. 


with  its  two  needles.  The  letters  of  the  alphabet  are  ranged  from 
left  to  right,  as  in  theordinary  mode  of  writing-in  several  lines  aborts 
and  below  the  points  of  the  needles,  the  brat  series,  from  A  to  P, 
being  above,  and  the  second  series,  from  R  to  Y,  below.  The  fol- 
lowing is  the  complete  vocabulary  and  mode  of  correspondence  : — 

A.  Two  movements  towards  the  left,  by  the  left  needle. 

B.  Three  movements  towards  the.  left,  by  the  left  needle. 

C.  and  the  Fig.  1.  Two  movements  of  tlie  left  needle,  the  first  to  the  left, 
and  the  second  to  the  right. 

D.&nd  the  Fig.  z.  Two  movements  of  the  left  needle,  the  first  to  the  right, 
and  the  second  to  the  left. 

E,  and  the  Fig.  3.  One  movement  of  tlie  left  needle  to  the  right. 

F.  '1'wo  movements  of  the  left  needle  to  the  right. 
(},  Three  movements  oftBi  lelt  needle  to  the  right. 

13,  and  the  Fig.  4.  One  movement  to  the  left  of  the  right-hand  needle. 

J.  Two  movements  to  the  left  of  the  right-hand  needle. 

J  is  omitted,  and  replaced  by  G. 

K.  Three  movements  of  the  right  needle  to  the  left. 

L,  and  the  Fig.  5.  Two  movements  of  the  right-hand  needle,  the  first  to 
the  right,  t lit;  second  to  the  left. 

If,  and  the  Fig.  6.  Two  movements,  of  the  right  needle,  the  first  to  the 
left,  the  second  to  the  right. 

N,  and  the  Fig.  7.  One  movement  of  the  right  needle  towards  the  right. 
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0.  Two  movement*  of  the  right  needle  to  the  right, 

I*.  Three  movements  of  the  right  needle  to  the  right. 

Q  is  omitted,  and  K  substituted  for  it. 

R,  find  tlie  Fig.  8.  A  single  movement  of  hoi h  needtes  towards  the  left. 

8.  Two  movements  of  both  needles  towards  the  right. 

T.  Three-  movements  of  both  needles  towards  the  left. 

U,  and  the  Fig.  a.  Two  movements  of  both  needles,  the  Drat  towards  the 
right,  the  second  towards  tlie  left. 

V  and  0.  Two  movements  of  both  needles,  the  first  to  the  left,  the  second 
to  the  right. 

W.  One  movement  of  both  needles  towards  the  right. 

X.  Two  movements  of  both  needles  towards  the  right. 

Y.  Three  movements  of  both  needles  towards  the  right, 

Z  is  omitted,  and  replaced  by  S. 

The  sign  +  indicating1  the  termination  of  a  word  is  designated 
by  a  single  movement  of  the  left  needle  towards  the  left;  the  same 
signal  is  given  when  the  receiver  does  not  understand  his  corre- 
spondent's message.  The  exhibition  of  the  letter  E  signifies  that 
he  does  understand,  and  to  denote  the  word  "yes,"  The  signal  for 
E  is  repeated  twice,  i,  e,  two  movements  of  the  left  needle  towards 
the  right  are  made. 

The  words  '  wait,'  '  go  on/  seen  on  the  right  and  left-hand  side 
of  the  bottom  of  the  dial-plate  are  of  great  importance.  Suppose, 
for  example,  the  London  clerk  wishes  to  communicate  with  his 
correspondent  at  Dover,  and  that  the  latter  is  at  the  game  time 
engaged,  he  immediately  signals  the  letter  R,  thereby  intimating 
that  he  is  not  prepared  to  receive  the  London  message  ;  when  he 
is  at  liberty,  he  directs  his  needle  towards  W,  which  means  'go 
on,'  and  the  correspondence  begins. 

It  is  also  absolutely  necessary  to  have  a  method  whereby  one 
station  may  signify,  to  any  individual  station  on  the  line,  that  a 
message  is  proposed  to  he  sent  to  it.  Suppose,  for  example,  that 
London  wishes  to  communicate  with  Tonbridge  ;  on  the  dial-plate 
of  Fig.  307  will  be  seen  the  names  of  the  Bix  stations  of  one  of  the 
groups  on  the  South-Eastern  Railway,  viz.  Reigate,  Tonbridge, 
Ashford,  Folkstone,  London,  and  Dover.  Each  of  these  stations  is 
represented  by  a  letter.  Thus,  London  is  designated  by  R,  Ton- 
bridge  by  E,  Dover  by  W,  and  so  on.  The  London  correspondent 
signals  E,  and  at  the  same  time  rings  the  bell  at  the  station  at 
Tonbridge ;  the  Tonbridge  clerk  immediately  returns  the  ring  at 
London,  thereby  intimating  that  he  is  at  his  post.  London  now 
signals  R,  by  which  Tonbridge  knows  that  it  is  London  that  wishes 
to  communicate  with  him;  he  returns  the  signal  R;  London 
again  rings  the  bell,,  and  the  correspondence  commences — Tonbridge 
signalling  the  letter  E  after  every  word  if  he  understands,  or  the 
sign  +  if  he  does  not.     The  message  being  finished,  London  de- 
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Fig.  jog. 
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fleets  his  lef't-hnnd  needle  twice  to  the  left.  Tonbridpe  returns 
the  alfjnal  if  he  has  no  reply  to  make,  and  proceeds  to  transmit  the 
message  to  ita  destination. 

The  numerals  are  indicated  by  certain  letters  ;  the  letter II,  fol- 
lowed by  the  sign  +  ,  intimating  that  figures,  not  letters,  are  about 
to  be  shown.  The  letter  W  interposed  between  certain  figures 
serves  to  group  them  !  thus,  the  letters  HE  W  N  might  mean 
^4.3  7s.,  or  43  feet  7  inches,  &c.  Special  signals  are  also  devised 
for  special  purposes. 

(209)  Alarum*.— 1.  II 'orked  by  Clockwork.— An  instrument  of 
this  kind  is  shown  in  Fig.  309. 

A  ia  an  electro- magnet;  it  an  armature  of  soft  iron,  which  is  attracted  by 
a,  and  retained  as  long  as  the  voltaic  current  circulates  round  the  bobbin. 
This  armature  ia  prevented  from  com- 
ing into  actual  contort  with  the  pole  of 
tlie  electro-magnet  by  means  of  two 
little  copper  studs,  tipped  with  ivory, 
inserted  in  ita  face;  this  ia  necessary, 
because  as  soft  iron  docs  not  lose  the 
whole  of  its  magnetism  when  the  bat- 
tery circuit  is  broken,  permanent  ad- 
hesion would  otherwise  ensue.  The 
armature  is  mounted  on  the  short  arm 
of  n  lever  c,  carrying  at  the  other  end 
of  the  arm  a  short  projecting  piece  e, 
which,  catching  in  a  stop  in  the 
circumference  of  the  wheel  d,  prevents 
it  from  moving.  The  armature  is 
brought  back  to  its  normal  position 
when  the  attraction  ceases,  by  the 
small  spring/,  which  presses  against 
the  long  arm  of  the  lever.  Of  the 
clockwork  contained  in  the  barrel,  only 
the  principal  pieces  are  shown  in  the 
figure;  the  cogwheel  b  is  connected 
by  a  pinion  with  the  cogwheel  a,  which 
worka  1,  and  this  again  gives  motion 
to  d,  which  carries  the  stops.  The 
anchor   escapement  g   works  on   the 

wheel  1,  and  on  the  axis  of  the  same  wheel  is  placed  the  double-headed 
hammer  h. 

On  completing  the  battery  circuit,  the  armature  a  ja  attracted  by  the 
electro-magnet,  the  loug  arm  of  the  lever  c  moves  to  the  left,  and  the  wheel 
d  being  then  set  at  liberty,  the  mainspring  in  the  barrel,  which  is  kept  con- 
stantly wound  up,  seta  it  in  motion,  and  the  hammer  is  instantly  put  into 
rapid  vibration,  striking  alternately  the  opposite  sides  of  the  bell  n;  the 
ringing  is  kept  up  as  long  as  the  circuit  is  closed,  but  the  moment  it  is 
broken,  the  armature  is  detached  by  the  springy;  and  the  catch  ia  again 
pressed  into  its  place  by  the  wheel  d.    It  is  not  the  voltaic  current  that  rings 
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the  bell,  bat  the  mainspring  in  the  barrel;  all  that  electricity  does  is  I 
engage  the  catch  j  ami  there!  is  no  greater  difficulty,  therefore,  in   ringing   a 
large  bell  than  a  small  one. 

i.    Wurk.jiUii  i in 1 Hrect  Action  of 'the  Vottak  Current. — An  instru- 
ment of  tliis  kind  is  shown  in  Fig"   jio.     Its  action  is  very  simple. 
The  armature  L  of  the  electro-magnet  is  ft  hollow  cylinder  fixo 
a  steel  spring  i>,  and  furnished  with  a  hammer  M,  which  Htrikes 
the  bell  T;  a  spring-,  r,  communicating  with  the  earth   b;, 
binding-screw  v.,  touches  l  when  it  is  in  a  state  of  rest.    A  current 


from  the  line  wire  passes  from  a  to  a,  traverses  the  coil  nf  the 
i -li 'I'Lro-niBgnet,  the  spring  n,  the  armature  L,  the  spring  r,  and  BO 
to  the  earth  ;  but,  during  its  passage,  L  is  attached  to  the  i  dectro- 
magnet,  the  contact  with  r  is  broken,  ami  the  current  ceases;  l 
then  falls  backs  into  contact  with  r,  and  the  operation  is  repeated. 
In  thin  manner  a  succession  of  blows  arc  struck  on  the  bell  by  the 
hammer  M. 

A  considerable  force  of  current  is  required!  t->  work  nn  alarum  of 
this  description, 'and  on  long  lines  a  relay  magnet  is  employed  in 
connection  with  it.  This  arrangement  will  bo  understood  from  an 
inspection  of  Fig.  311. 

The  current  from  the  distant  station  passes  from  l  through  the 
of  the  electro-magnet,  and  so  to  the  earth  at  T  ;  the  armature 
n  is  attracted,  and  the  contact  is  made  which  puts  in  action  the 
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local  battery  f  but  at  the  same  instant  the  button  I  is  released,  and 
starts  up  under  the  influence  of  the  spiral  spring  r,  and  thus  leave.* 
a  permanent  record  of  the  bell  baring  been  rung.  This  system 
is  used  when  many  wires  from  distant  stations  arrive  at  the  same 
office ;  each  wire  has  its  relay,  and  there  is  but  one  alarum-bell ; 
the  relays  are  all  arranged  in  a  box  having  holes  in  the  lid  corre- 
sponding with  the  buttons  |  these  start  up  into  view  when  a  current 
circulates  through  the  electro-magnet  coils,  and  designate  the  par- 
ticular stations  which  wish  to  communicate. 

Fig.  III. 


On  the  South-Eastern  Railway,  on  which  the  alarum  or  '  V 
Signal  Hell'  has  been  used  since  December  1851,  there  are  at  the 
present  time  about  400  instruments  in  daily  and  constant  use  for  the 
sole  purpose  of  signalling  trains  on  the  308  miles  of  which  that  rail- 
way consist*.  In  an  excellent  article  on  '  Train  Signalling  in  Theory 
and  Practice/  by  Mr.  Charles  Walker,  F.II.S.,  Telegraphic  Engi- 
neer to  the  South-Eastern  Railway  Company,  the  laws  of  train 
signalling  ata  thus  illustrated  (PujmUir  Ssfauu  Review,  April 
1865).; — 

•Taking  I  he  simple  ensa  of  n  railway  like  tli«  Ramifrate-Margale,  fbf 
jnmmoe,  having  two  pairs  of  rails,  an  up  line  and  a  down  line,  with  a  signal - 
Station  nt  1'itch,  but  no  intermediate  station;  the  fundamental  law  is.  two 
trtiins  lyrniffiiirs  are  not  In  be  ntfawed  to  run  ON  the  sume  line  between  tw>sianiil- 
ftationf  at  the  tame  time.     In  order  to  carry  out  this  important  regulation, 
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uptori  which  the  security  of  those  that  travel  so  largely  depends,  en 
or  engine  must  be  siginillnl  oaf  to  the  next  stntion  before  it   teut<t  vr  paua 
a  station,  so  that,  when  the  business  of  the  day,  for   in- 
station  B  knows  that  train  No.  i  is  Hiking  permission  to  come  to  ! 
stAtinn  A ;  and  to  prevent  atl  misunderstanding,  the  train  or  engine  mo-: 
not  be  started  or  allowed  io  pass  until  the  next  station  has  taken  the  sal 
xitjn'd.     It  is  not  enough  for  the  first  station  to  give  the  signal,  tbe  other 
station  must  take  it,  for  no  signal  given  by  one  station  is  comi.i. 
taken  by  the  other  station  repeating  it,  by  which  process  a  clear  understand- 
ing is  established  between  the  two  signallers,  and  the  precise    signal  aaatbj 
one  is  received  by  the  other. 

'  The  next  rule  is, — Every  train  or  engine  that  arrives  at,  or  pastes  a  statin*, 
ii  to  he  immediately  signalled  back  in  to  tkt  last  station;   and  it  follcv 
what  has  been  already  stated,  that  no  second  train  or  engine  is  to  be  allowed 
to  follow  until  the  in  or  arrival  signal  of  the  previous  train  has  been  taken, 
that  is  to  say,  has  been  repeated  back  blow  for  blow. 

'  For  the  ordinary  purposes  of  train  signalling,  the  greatest  number  of 
blows  on  the  bell  is  three,  and  this  number  may  be  made  in  two  seconds  or 
less.     The  code  with  its  interpretation  is— 

'  One  blow  for  every  up  train  or  engine  ...         .     < 
'  Tu-o  blo«9  for  every  <ftm.ii  train  or  engine     .         .  .     Odt. 

'  Thrim  blows  for  every  train  or  engine   ....     Iji.* 
Li  each  signal-box  a  battery  with  tbe  propel  u umber  trf  cells  « 
mounted,  a  bell  ie  set  up,  and  a  ringing-  key,  mostly  detached  from 
the  belt  for  convenience  of  access,  is  firmly  fixed,  and  one  telegraph. 
wire  ia  extended  from  station  to  station.    The  signalmen  are  not 
required  to  look  after  tbe  apparatus,  -which  ie  so  simple  that  it 
almost  takes  care  of  itself.     All  they  have  to  do  is  to  male, 
enter  the  signals.     In  the  case  of  an  intermediate  station,  a  pair  of 
bells  of  different  tones  are  provided.     They  are  placed  on  either 
side  of  the  box,  each  being  at  the  side  nearest  the  station 
which  it  ie  in  communication.     The  signalman,  by  the 
the  bell,  by  the  direction  from  which  the  sound  comes,  and  In 
number  of  blows  heard,  knows  on  the  instant  whether  it  ia  a  train 
coining  ;  or  one  gone  and  safe  in  ;  and  which  train. 

"When  a  bell  is  struck  Jive  times,  it  indicates  that  the  line  is 
blocked,  and  three  blows  given  and  taken  twice  announce  that  the 
line  b  clear  again.  If  the  trains  of  two  companies  travel  on  the 
same  line,  ii  simple  deviation  from  the  general  oods  ie  resorted  to: 
J'nr  instance,  the  South-Eaetern  and  Brighton  trains  both  run  on 
the  same  line  between  London  and  Bed  Hill,  one  blow  on  the  beil 
indicates  a  South-Eastern  train,  whether  up  or  down,  mul  two 
blows  a  Brighton  train,  and  in  like  manner  distinctive  signals  bf 
bells  of  different  tones  may  be  contrived  to  meet  every  Conceivable 
nf  complexity, 
(in)  Electro-matnetic  Semaphores. — Where  the  trjuus  up 
and  down  a  railway  are  many  hi  number,  it  is  found  uece^nrv  to 
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combine  a  visible  with  an  audible  signal,  the  former  showing  at  a 
glance  the  actual  state  of  the  line,  i.e.,  whether  or  not  the  lines  in 
either  direction  are  free  from  trains.  The  instrument  by  which 
visible  signals  are  indicated  is  called  a  '  Semaphore.'  On  the 
(.'haiing  Cross  Railway  the  electro-magnetic  semaphores  are  minia- 
ture resemblances  of  those  used  on  the  railway  ;  they  are  provided 
with  a  red  arm  on  the  left  side,  and  a  white  arm  on  the  right  side, 
each  capable  of  being  moved  by  the  electric  current.  They  are 
placed  in  the  right  and  left-hand  corners  of  the  signal-box,  and 
the  regulations  for  working  them  are  such  that  the  arms  at  all 
times  indicate  the  state  of  the  line. 

Looking  towards  a  semaphore,  whether  actual  or  electro-mag- 
netic, the  red  and  left  arm  has  reference  to  trains  receding ;  the 
white  and  right  arm  to  trains  approaching.  When  an  arm  is  up, 
it  iii-Uofttt's  that  a  train  is  on  the  line,  and  when  down,  that  a  train 
is  not  on  the  line.  The  principle  upon  which  the  electro-magnetic 
semaphores  are  connected  up  and  arranged  on  the  Charing  Cross 
Railway  is,  that  'each  station  can  put  up  or  down  the  white  arm 
only  at  his  own  station,  and  the  red  arm  only  at  the  other  station.* 
No  signalman  has  power  to  alter  the  position  of  his  own  red  arm ; 
it  is  put  up  behind  a  train  by  the  next  station,  and  put  down  when 
the  train  is  in  at  that  station. 

The  motions  of  the  arras  of  the  electro-magnetic  telegraph  sema- 
phore are  produced  in  a  very  simple  manner.  A  couple  of  bar 
magnets  are  so  mounted  in  a  moveable  system  in  relation  to  the 
two  poles  of  an  electro-magnet  that  the  action  of  the  latter  on  the 
four  poles  of  the  magnet  is  combined  to  produce  motion  in  one 
direction  with  one  current  of  electricity,  and  iu  the  reverse  direc- 
tion with  the  reverse  current,  and  these  motions  are  transferred  to 
the  arms  of  the  semaphore. 

(112)  Telegraph  Batteries. — The  batteries  originally  used  to 
work, our  English  telegraphs  were  composed  of  amalgamated  BBC 
and  copper  plates,  4-^  inches  long  by  ^  inches  wide,  the  zinc  I 
three-sixteenths  of  an  inch  thick.  The  plates  were  cemented  water- 
tight on  to  stout  teak-wood  or  oak  trotlghs,  each  trough  being 
from  15  to  30  inches  long,  and  5+  inches  wide,  and  divided  into  12 
14  cells  by  partitions  of  slate.  The  plates,  connected  together 
by  copper  slips,  were  placed  across  the  slate  partitions*  and  the 
cells  were  filled  to  within  an 'inch  of  the  top  with  siliceous  sand, 
which  was  then  saturated  with  a  mixture  of  1  part  of  oil  of  \  mini 
and  15  parts  of  water.  The  number  of  cells  used  varied  according 
to  the  distance  between  the  stations  ;  for  short  groups  of  1  o  or  1 5 
miles,  24.  cells  were  employed;  for  distances  from  40  to  60  miles, 
double  that  number.     These  sand  batteries,  though  developing  a 
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powerful  current  of  electricity  when  first  charged,  ai  ofian- 

hliu.t,  ami  in  almost  every  ease  have  given  way  to  a  modifier 
of  the  battery  of  Daniell,  though  iu  America  Grove's  nitric  acid 
battery  is  extensively  employed. 

The  form  of  sulphate  of  copper  battery  now  generally  used  for 
telegraphic    purposes  in  Englaud  is  that  known  M  '  Unit-heads 

battery.'  A  longitudinal  sec- 
tion through  one  end  of  this 
battery  is  shown  in  Fig.  312. 
The  zinc  plates  are  about  4 
inches  X  *  inched,  the  copper 
plate  is  about  4.  inches  x  5 
inches.  The  porous  cells,  pp, 
are  filled  with  solution  of 
sulphate  of  copper ;  very  di- 
lute- sulphuric  acid  is  put  in 
the  outer  cells,  which  are  of 
white  porcelain,  and  made  in 
pairs.  Five  such  pain  are 
enclosed  in  a  strong  box 
a  wooden  cover.  To  check 
1  ndosmoH.s  through  the  po- 
rous cells,  they  are  greased, 
except  on  the  portion  which  is  opposite  to  the  zinc  plate. 

Instead  of  sulphuric  acid,  a  solution  of  sulphate  of  zinc  m.-v 
used  in  the  zinc  cell ;  in  this  case  it  is  not  necessary  to  amalgamate 
the  gone  plate,  and  there  is  little  local  action  5  but  the  sulphate  of 
zinc  must  not  he  allowed  to  crystallize  on  the  zinc  plate,  or  it  will 
Btop  the  action  of  the  battery.     The  saturated  solution  of  th 
should  be  diluted  with  an  equal  quantity  of  water.     Contact  be- 
tween the  zinc  plates  and  the  porous  cells  should  be  avoidt N 
such  tends  to  the  deposit  of  metallic  copper  on  the  porous  cell,  and 
the  consequent  establishment  of  a  local  circuit 

The  porous  cells,  even  when  greased,  do  not  entirely  prevent  .thr 
mixing  of  the  solutions,  so  that  for  long-continued  actions  the] 
of  little  use,  and  are  dispensed  with,  the  solutions  being  kept  for 
a  long  time  separate  by  their  respective  weights  alone.  The  copper 
solution  "being  heavier  than  the  zinc,  the  copper  plate  and  n;. 
of  sulphate  of  copper  should  be  placed  at  the  bottom  of  the  cell, 
and  the  zinc  plate  near  the  top  (Culley,  Practical  Telegraphy}, 
The  battery  used  by  Walker  on  the  South-Easteni  Railway 
ring  the  signal-bells  consists  of  gas  carbon  platinized,  aud  amal- 
gamated zinc,  with  dilute  sulphuric  acid. 

(2ij)  Supports  and  Insulators  for  Overground  Wires. — 
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The  modes  of  sustaining  and  insulating  telegraph  wires  generally 
adopted  in  England  are  represented  in  Figs.  313  and  314.  Wooden 
posts,  from  15  to  30  feet  high,  are  fixed  firmly  in  the  ground  at 
the  rate  of  about  30  a  mile;  the  upper  part  of  each  post  is  5  or  f» 
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inches  square ;  it  carries  a  wooden  arm,  which  ia  separated  from 
the  post  by  discs  or  rings  of  brown  delfware.  The  arm  is  secured 
to  the  post  by  an  iron  bolt  and  screw.  On  the  face  of  the  wooden 
arm  four  hollow  double  earthenware  or  glass  cones  are  fastened  by 


Fig.  314. 
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collars  of  iron  ;  through  these  the  wires  pass,  and  are  thus  effec- 
tually insulated.  Other  forms  of  insulators  are  shown  in  Figs.  335, 
316,  317,  and  318.     The  contrivance  for  tightening  the  wires  is 
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seen  at  b  (Pig,  314.).     The  pottta  on  which  this  apparattr 
are  much  stouter  than  the  ordinary  snstaining-posts,  and  are 
at  intervals  of  j  nf  a  mile  apart.     To  the  upper  part  of  the  pa 
attached  as  many  iron  screws  as  there  are  telegraph  wire*,  and 
each  screw  carries  a  winder  consisting  of  a  grooved  dm  in  m 
wheel  rind  ratchet  attached;  the  ends  of  the  winder  are  insulated 
from  the  post  hy  discs  of  earthenware  ;  a  and  h  (Fig.  313)  are  two 
earthenware  pulleys  or  Aaokht,  each  furnished 
with  two  hooks  insulated   from    each   other.  Fig.  jib. 

The  wi.]i(liii|/-po.-t  is  thus  seen  to  be  out  of  tin- 
circuit,  but  the  tustallic  continuity  nf  the  tele- 
graph wire  is  secured  by  the  thin  wire  c,  sol- 


dered  to  the  outside  of  each  shackle.     Fig,  3  r9  shows  the  form  of 
shackle  usually  employed  for  making  a  break  in  the  line  in 
to  introduce  an  instrument  into  the  circuit,  and  Fig.  320  repre- 
sents Rright's  patent  terminal  insulator,  which  is.  largely  usei 
over-house  telegraphs.     Cue  or  two  insulators  are  attached  to  the 
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bolt  as  required;  when  used  as  an  intermediate  support  for  long 
spans,  m  at  bends  in  the  line,  two  insulators  are  attached,  as  shown 
in  the  figure,  and  the  conductor  is  completed  by  soldering  a  short 
wire  to  the  line  wire  at  each  side. 

The  insulator  generally  used  in  France  is  shown  in  Fig.  321. 
The  iron  hook  by  winch  the  wire  is  suspended  is  cemented  into 
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the  porcelain  by  a  mixture  of  sulphur  and  colcothar.  The  tighten- 
ing ratchet  ia  shown  in  Fig.  32s;  it  is  made  of  galvanized  iron, 
and  one  ia  fixed  at  every  mile,  the  supports  being  of  porcelain. 

The  telegraph  wire  is  of  iron,  about  one-sixth  of  nn  incli  in 
diameter,  palvtmJMJ  by  being  passed  through  a  bath  of  melted 
zinc,  but  in  the  neighbourhood  of  large  towns,  where  great  quan- 
tities of  cools  are  daily  burned,  the  sulphurous  acid  vapours  arising 
from  the  combustion  of  the  fuel  passing  oxer  the  oxide  of  zinc 
convert  it  into  sulphate  of  zinc,  which,  being  soluble  in  water,  in 
soon  washed  off  by  the  rain.     The  iron,  thus  deprived  of  its  pro- 
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tecting  covering  soon  corrodes.  It  was  suggested  by  IBghton 
{£katric  Telegraph,  p.  117)  that  in  the  neighbourhood  of  large 
tow  us  the  wires  should  either  be  painted  and  varnished  or  entirely 
cased  in  gutta  percha. 

The  insulator  employed  on  the  *  3£orse  '  line,  from  New  York 
to  Washing/ton,  is  simply  a  glass  knob  with  two  rings,  between 
which  the  wire  is  wrapped.  It  is  said  to  be  very  imperfect 
(Turnhull  on  '  The  Eleetru-magi&tie  Telegraph,'  p.  156),  the  wire 
losing  its  insulation  almost  entirely  in  wet  weather,  and  the  in- 
struments working  with  ditficulty  upon  even  the  slightest  shower. 
It  has  been  found  also  that  with  this  form  of  insulator  the  glass 
is  liable  to  be  cracked  in  two  pieces,  as  if  cut  with  a  diamond,  by 
the  action  of  atmospheric  electricity. 

In  the '  House '  line  of  telegraph  (American)  the  glass  cap,  which 
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ia  covered  with  lac-varni^h,  is  screwed  into  a  bell-shaped  iron 
which  ia  fitted  with  much  care  to  the  top  of  the  poet,  and  well 
painted  arid  varnished,  the  telegraph  wire  is  fastened  to  the  top  of 
the  cap  by  projecting  iron  points.     This  plan,  though  .superior  to 
that  of  Morse  "a,  seems  inferior  to  the  method  adopted  in  Knglapd. 
In  Germany  the  wireB  are  insulated  by  passing  through  porcelain 
cap.*  in  tlii>  shape  of  a  reversed  cup,  placed  on  the  summit  of  the 
poata,  which  are  thus  covered  with  roofs.     According  to   CnUej 
i  Practical  Tefci/raphy,  p.  60),  coverings  to  insulators  ore  not  only 
useless  but  injurious.      They  do  not  themselves  insulate) 
nilbnl  no  protection  in  fogs  or  continued  rain,  for  then  every  part 
becomes  equally  damp ;  they  harbour  spiders,  which  spin  rhi-ir 
threads  over  and  among  the  wires  ;  they  hinder  the  drying  of  the 
supports,  And  prevent  the  rain  from  washing  off  the  dust.     Insula- 
tion ia  frequently  improved  by  a  heavy  summer  shower;  but  the 
insulation  of  the  wire  its  never  perfect,  even  in  dry  weather,  ami 
although  the  leakage  may  be  very  small  at  any  given  point, 
A3  the  total  surface  exposed  ia  as  much  as  sao  square  feet  per  niile 
of  No.  8  wire,  the  loss  of  electricity  by  defective  insulation  may  be 
very  great.    The  best  material  yet  known  for  insulation  ia  ebonite. 
And  if  it  should  be  found  to  bear  exposure  to  the  weather,  it  will 
doubtless  be  extensively  used  as  a  telegraph  insnlntor.     The 
best  substance  is  stoueware,  which  possesses  the  important  advan- 
tage over  glass  that  its  affinity  for  moisture  is  much  less. 

There  are  two  sorts  of  leakages  to  which  telegraph  wires  are 
[labia, 'one  direct  to  the  earth,  which  simply  weakens  the  current, 
find  which  can  be  restored  by  additional  battery  power,  the  other 
a  leakage  into  another  wire,  which  causes  great  confusion  in 
working  of  the  instrument,  which  is  increased  by  an  accession  of 
battery  power,     The»e  faults  are  called  technically    '  earth '  and 
1  contact,'  the  former  being  contact  with   the  ground,  the  1 
contact   with   another  wire.     The  latter  may  be,  according    bo 
Culley  {Practical  Telsprtiphy,  p.  63),  entirely  obviated  by  pin 
the  insulator  upon  a  metallic  post,  or  connecting  them  by  a  mn 
to  the  earth,  so  that  all  the  current  wliich  leaks  over  their  surface 

may  have  a  path  provided  which  shall  conduct  better  than  the 
wire,  and  the  extra  current  thrown  into  the  circuit  by  the 

1,, --filed  resistance  may  be  provided  for  by  an  increase  of  battel 

power. 
( z  ]  4.)  Ttoe  Earth  circuit. — It  had  long  ago  been  shown  by 

Watson  and  othew  1  bat  a  Leyden  phial  could  be  discharged  through 
mtcnit  one-half  of  which  consisted  of  moist  earth.     It  appears 

that  Strinheil  was  the  first  to  employ  the  earth  to  act  the  part  nf 
Conducting  wire  in  an  electro-telegraphic  circuit.     The  two  ex- 
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trend  ties  of  the  wire  of  bis  telegraph,  constructed  ret  Munich  in 
1857,  were  attached  to  two  copper  plates  which  were  buried  in  the 
earth.  He  attributed  the  transmission  of  the  current  to  the  direct 
conductibility  of  the  earth. 

It  was  proved  on  a  larger  scale  in  1841,  by  Cooke  and  Wbeatstone, 
by  experiments  on  tbe  Blackwall  Railway,  that  the  earth  may  be 
successfully  employed  to  replace  one-half  of  the  conducting  wire, 
or  for  the  return  circuit.  In  fact  they  found  that  the  earth  offered 
so  little  resistance  to  the  transmission  of  electricity  that  the  same 
pile  would  work  to  a  much  greater  distance  with  a  circuit  half 
wire  and  half  earth  than  when  altogether  wire. 

It  was  noticed  by  Bain  in  18+1,  whilst  engaged  On  some  experi- 
ments with  an  electro-magnetic  sounding  apparatus,  thut,  if  \'n<- 
wires  were  not  perfectly  insulated  from  the  water,  the  attractive 
power  of  the  electro-magnet  did  not  entirely  cease  wheu  the  cir- 
cuit was  broken,  tie  found  also  that,  when  a  plate  of  copper  wns 
buried  in  moist  earth,  and  associated  through  the  galvmini;. 
with  a  similar  plate  of  zinc  also  buried  at  a  considerable  distance* 
a  current  of  considerable  intensity  passed.  By  increasing  the  size 
of  the  plates,  he  not  only  obtained  powerful  electro-magnetic 
effects,  but  also  electrotype  deposits,  when  the  plates  were  more 
than  a  mile  apart,  and  he  found  that  the  battery  thus  formed  con- 
tinued to  work  for  a  great  length  of  time. 

BumoE  Matteucci  made,  in  1844,  numerous  experiments  on  the 
conductibility  of  the  earth  for  tho  electric  current  {Comptto-Mg*du*i 
.lime  3,  1844).  He  made  the  current  from  a  single  Bunsen's 
element  (-99  ;  6)  circulate  in  a  copper  wire  9,181  feet  long,  and 
through  a  bed  of  earth  of  the  same  length  ;  and  he  found  that  the 
diminution  which  occurred  in  the  intensity  of  the  current  to  be 
such  that  the  resistance  of  the  bed  of  earth  must  not  only  be  re- 
garded as  nothing,  but  that  further  the  resistance  of  the  copper 
wire  entering  into  the  mixed  circuit  must  be  considered  as  less 
than  that  presented  by  the  same  wire  when  it  enters  atom  into 
the  circuit,  thus  confirming  the  previous  observations  of  Cooke 
and  Wheatstone.  Matteucci  regards  the  earth  as  all  other  con- 
ducting bodies,  its  great  volume  making  up  for  its  inferior  conduc- 
tibility, and  he  quotes  the  following  experiment,  as  conclusive 
against  the  hypothesis  that  the  two  electric  charges  liberated  at 
the  extremities  of  the  pile  always  find  a  means  of  diffusing  them- 
selves into  the  earth,  which,  being  a  imiversal  reservoir,  succeeds 
in  neutralizing  their  charges  with  its  natural  fluid  decomposed  by 
the  free  end  of  the  pile  (Cmnptvu-lii-iuhaf,  J  miliary  11,  1846)  ; — 

'The  circuit  of  a  pile  of  10  Bunaen's  elements  waa  estublisheJ  by  plunginp 
the  two  poles  in  two  wells  160  metres  apart,  a  galvanometer  being  in  the 
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■OH  the  passage  of  the  current.     In  this  interval  were  twoothi 
Wells,  almost  in  ■  straight  Una  «'iiii  ihe  im.  extreme  wella.     The  distance 
between  tbete  two  wells  was  jo  metres;  tliey  were  distant  from  the  two  ex- 
treme wells,  one  So  metres,  the  other  53,    The  extremities  of  a  good  long 
wire  galvanometer  wire  plunged  into  the  two  intermedial,  cur- 

r.-nt  wflj  thus  passed  in  the  long  circuit,  when  a  deviation  of  350  or  400  was 
instantly  obtained.  On  reversing  the  direction  of  the  current  in  the  long 
drCOit,  that  of  the  derived  circuit  was  likewise  inverted.  This  is  precisely 
what  ought  to  be  the  case  if  we  admit  that  the  electric  current  ia  transmitted 
in  the  ordinary  manner,  whilst  it  cannot  he  conceived  under  the  other 
hypothesis.' 

Some  striking'  experiments  made  by  Breguet  on  the  telegraph 
line  between  Paris  and  Rouen  show  the  improbability  of  the  earth 
acting  as  a  mere  conductor.  One  of  the  poles  of  the  Paris  battery 
was  soldered  to  a  large  metal  plate,  winch  was  plunged  into  a  n 
the  other  pole  communicated  with  the  line  wire  to  Rouen,  and  was 
there  fastened  to  a  similar  metal  plate,  which  was  also  plunged 
bate  a  well;  the  circuit  was  thus  lmlf  earth  and  half  metal. 
■Similar  arrangements  were  made  at  Rouen. 

Two  galvanometers,  in  every  respect  similar,  and  working  to- 
gether with  great  uniformity,  were  employed  to  measure  the  • -h-i ■- 

forces  at  the  two  stations.  The  mean  of  28  experiments  ah- 1 
\  hut,  when  the  current  was  half  metal  and  half  earth,  the  intensity 
was  ticiee  w  grtat  as  when  it  was  metallic  throughout,  that  ie,  in 
a  circuit  of  4.0  miles  earth  and  40  miles  wire  presented  the  - 
resistance  as  a  circuit  of  40  miles  wire,  the  earth  in  fact  offering 
no  resistance  at  all.     The  intensity  at  Paris  of  the  current    1 
niitted  through  a  copper  wire  to  Rouen,  and  from  Rouen  back  to 
Paris  through  the  earth,  was  56°  S';  tlint  of  a  current  sent  and 
returned  tlirough  a  copper  wire  was  290  t',  or  nearly  one-half.    At 
Rouen  the  mean  relative  intensities  were  the  same,  being  350  5' 
and  if  8'. 

Moigno  and  Gauss  both  regarded  the  earth  as  a  reservoir  or 
drum,  iu  which  the  positive  electricity  on  the  one  side  and  the 
ii'  -nthe  on  the  other  are  absorbed  and  lost. 

Thus  let  A  (Fig.  323)  represent  the  cell  of  a  voltaic  battery;  v  and  w  be- 
ing its  two  poles  united  by  a  metallic  conductor.  According  to  the  theory 
of  Ampere, the  electricity  set  free  at  the  positive  pole,  meeting  with  a  re*M> 
anise  ill  the  conducting  wire,  decomposes  the  neutral  electricity  of  the  nearest 
ule,  attracting  the  negative  and  repelling  the  positive;  the  positive 
Bind  of  the  first  attracts  the  negative  electricity  of  the  second,  and  repels 
positive;  this  again  acts  on  the  neutral  electricity  of  the  third,  and  60  on 
the  decomposition  proceeding  step  by  step,  the  positive  electricity  of  the  last 
molecule,  p,  being  neutralised  by  the  negative  electricity  emanating  from 
the*  pole  of  the  battery. 

Immediately  succeeding  the  first  series  of  decompositions  is  a  second  series 
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of  recompositions;  the  last  negative  molecule,  a,  being  separated  from  its 
associated  positive  molecule,  and  thus  becoming  free,  now  combines  with 
the  positive  molecule  which  precedes  it,  the  negative  molecule  of  which  com- 
bines with  the  positive  immediately  behind  it,  and  so  on,  step  by  step. 

Suppose  now  the  metallic  circuit  to  be  broken  between  two  free  molecules, 
+  p'oa  the  positive  side,  and  +  —  »'  on  the  negative,  and  that  a  communi- 
cation be  made  with  the  earth  through  the  metallic  [dates  b  and  c.     The 
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positive  molecule  will  be  brought  into  contact  with  an  enormous  reservoir, 
into  which  it  will  flow  without  meeting  with  any  resistance ■  it  will  not 
therefore  exercise  any  decomposing  action,  being  in  fact  simply  absorbed. 
The  preceding  negative  molecule,  being  again  set  free,  will  immediately 
combine  with  the  contiguous  positive  molecule,  and  the  some  thing  happens 
at  the  negative  end  of  the  battery.  A  douLte  series  of  decompositions  and 
^compositions  thus  take  place,  and  this  only  in  one-half  of  the  circuit ; 
the  resistance  is  consequently  reduced  one-half,  that  is,  the  intensity  of  the 
current  is  doubled. 

The  following:  explanation  of  the  manner  in  "which  the  earth 
acta  when  forming  part  of  a  circuit,  ia  given  by  Gavarret  (7V&- 
grapkie  Itlectrique,  p.  35): — 

•The  poles  of  a  battery  when  disconnected  have  equal  and  contrary  ten- 
sions- When  insulated  conductors  are  placed  in  contact  with  them,  they 
themselves  become  the  poles  of  the  battery,  which  furnishes  a  sufficient  cur- 
rent to  charge  them,  but  not  of  sufficient  duration  to  move  a  galvanometer 
needle. 

•If  the  conductors  are  enlarged,  the  lime  occupied  in  charging  them  will 
increase,  until,  as  they  are  still  further  enlarged,  a  limit  will  be  reached  at 
which  the  flow  of  electricity  into  them  will  fa,«r  long  enough  to  affect  the 
galvanometer ;  and  when  the  conductors  become  infinitely  long  or  infinitely 
large,  the  time  occupied  in  charging  them  also  becomes  infinite,  or  in  other 
words,  the  current  will  pass  precisely  as  if  the  poles  were  connected. 

'Thus  when  the  extremities  of  a  circuit  are  connected  to  the  earth,  which 
is  an  infinitely  large  conductor,  their  respective  tensions  are  diffused  in  all 
directions  without  producing  any  appreciable  tension  in  the  earth  itself,  so 
that  the  current  will  continue  to  flow.' 
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The  earth,  though  offering  less  resistance  to  the  circulation  of 
the  electrical  force  than  the  beat  of  all  conductors,  acts  at  the  same 
time  as  the  most  perfect  insulator.  Of  this  the  following  striking 
illustration  is  given  by  Walker  (JSfa&ric  Telegraph  Manipulm 
p.  35): — 'Ten  wires  enter  the  London  0 like,  each  going  to 
side  of  the  galvanometer  ;  the  other  sides  of  the  galvanometer  are 
connected  respectively  by  ten  wires  with  a  long  strip  of  brass, 
which  brass  is  connected  with  the  waterpipes,  60  that,  in  point  of 
fact,  the  wires,  notwithstanding  all  our  care  and  cost  to  keep  them 
insulated  from  each  other  throughout  their  course  along  the  rail- 
ways, are  actually  one  and  all  clustered  together  into  one  common 
bundle  as  soon  as  they  have  passed  the  galvanometer.  Notwith- 
standing this  oneness  of  the  wires,  provided  all  is  clear  along  the 
liue,  a  current  can  be  sent  along  any  one  of  the  ten  without  any 
portion  being  distributed  among  the  other  nine.  Take  the  case  of 
two  wirea  only  as  an  example.  They  are  united  and  joined  to  the 
earth  wire  before  they  enter  the  London  instrument.  They  are 
kept  carefully  apart  from  London  to  Dover,  but  after  passing 
Dover  instrument  they  are  again  united,  and  are  joined  to  the 
earth  wire,  so  that  they  form  a  continuous  loop  ;  and  yet  the  cur- 
rent intended  for  one  wire  always  takes  the  earth  as  the  return  half 
of  the  circuit,  and  no  part  of  it  finds  its  wnv  into  the  companion 
wire.  But  if  by  any  accident  the  earth  wire  is  divided,  the  case 
is  widely  altered,  and  the  current  tells  its  own  tale  by  ita  reverse 
action  on  the  galvanometer,  for  it  now  accepts  the  companion  wire, 
which  before  it  entirely  rejected.' 

(215)  Underground.  "Wires. — The  following  details  of  tin 
system  of  underground  wires,  as  adopted  by  the  Magnetic  Tele- 
graph Company,  was  kindly  furnished  by  Mr.  Bright : — 

'It  was  evident  that  the  integrity  of  the  insulating  coatings  of  eutta 
perclia  could  not  be  preserved  long  without  some  external  protection  through- 
out the  length  of  each  line,  as  the  mere  compression  of  the  Mil,  gravel,  and 
stones,  would  at  once  have  injured  it,  and  in  opening  the  roads  for  repair 
they  would  expericner  still  further  damage.  After  discussing  the  merits  of 
various  plana  of  protection,  it  was  finally  decided  that  the  wires  throughout 
towns  should  he  laid  in  cast-iron  piping  divided  longitudinally,  so  that  the 
wires  might  be  laid  in  quickly  without  the  tedious  and  injurious  operation 
of  drawing  them  through,  as  was  the  case  with  the  old  system  of 
work,  where  the  wires  were  laid  in  ordinary  gas  piping;  and  that  along  the 
country  roads,  which  were  comparatively  little  liable  to  disturbance  from 
the  construction  of  sewers,  or  laying  of  gas  or  water  pipes,  the  wires  sli 
be  laid  in  ereomted  wooden  troughs  of  about  3  inches  scantling,  cut  in  long 
lengths,  so  as  to  be  little  liable  to  disturbance  npon  any  partial  Bubsid> un 
the  soil,  which  not  unfrequently  occurs  in  districts  where  mining  operations 
are  carried  on.  The  tops  of  the  troughs  are  generally  protected  by  fastening 
to  them  a  galvanised  iron  lid.' 
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A  section  of  one  of  the  troughs  is  shown  in  Fig  324.;  m  being 
the  trough  ;  n  the  ga Utilized  iron  lid  j  0  the  gutta-perchaed  wire; 
and  ^  a  lapping  of  tarred  yam.  The  trough  ia  deposited  at  a  depth 
of  two  feet  from  the  surface  of  the  road.  The  iron  piping  used  in 
towns  ia  about  i£  inches  in  diameter. 
The  lower  halves  are  first  laid,  socket  Flgi  J1+_ 

into  socket,  in  the  trench,  and  the 
wires  are  then  rapidly  reeled  off,  and 
deposited  in  the  lower  halves  from  a 
drum  drawn  over  the  trench.  The 
upper  halves  are  then  laid  on,  and 
attached  to  the  already  laid  portions 
by  clamps  or  bolts  fastening  through 
ears  cast  in  the  sides  of  the  pipes. 

80  well  has  this  mode  succeeded 
that  in  Liverpool  the  whole  lengths 
of  the  streets  from  the  Tithebarn 
railway  station  to  the  office  in  Ex- 
change Street  East  were  laid  in  a  single  night;  and  in  Man- 
chester, the  Hue  of  streets  from  the  railway  station  in  Snlfonl  to 
Ducie  Street,  by  the  Manchester  Exchange,  in  twenty-two  hours. 

The  Magnetic  Telegraph  Company  have  adopted  the  under- 
LiriiinJ  .system  to  a  great  extent  In  1851,  they  laid  it  line  between 
Liverpool  and  Manchester ;  they  afterwards  extended  tin-  system 
Croon  London  through  Birmingham  to  Manchester,  Liverpool,  and 
the  various  towns  in  the  Lancashire  districts,  northwards  to  Scot- 
land, with  d  submarine  cable  linking  up  underground  wires  laid 
to  Belfast  and  Dublin. 

(a  1 6)  The  Morse  printing  Telegraph. — This  instrument, 
which,  slightly  modified  and  improved,  is  of  all  the  forms  of  tele- 
graphic apparatus  hitherto  invented  the  most  extensively  usnl, 
was  conceived  by  Professor  Morse  in  1832,  though  it  does  not 
;]].]..  ,u  tlmi  ii«-  can  lay  claim  to  an  earlier  date  than  1837  for  its 
actual  construct  i-n  1  Bfoigno,  Tiltgraphia  lllwtriqm-).  The  original 
contrivance  included  a  pen  at  one  end  of  a  wire,  which,  as  contact 
w.'is  muile  and  broken*  produced  tab  afbiti&zj  alphabet  of  dofa  and 
strokes  which  might  represent  definite  characters. 

On  a  wooden  platform,  a  b  (Fig.  325),  ia  fixed  a  vertical  support,  o,  to 
which  ia  screwed  an  electro-magnet,  E  F;  on  the  upper  part  of  the  vertical 
support  is  a  metallic  band,  o  g,  the  sides  of  which  in  pierced  horizontally  to 
carry  two  screws  tipped  with  sharp  and  tempered  steel  points,  between  which 
tliB  lever  l  moves  with  as  little  friction  as  possible.  In  one  of  the  extremi- 
ties t>  of  the  levei  u  soldered  the  armature  of  the  electro -magnet;  the  other 
end  cairlw  one  or  more  steel  points,  which  lit  corresponding  holes  in  a 
cylinder,  under   which    a  sheet  of    [  aper  to  receive  the   transmitted 
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message  passe*,  being  unwound  regularly  by  clockwork.    The  galvanic  cur- 
rent being  established,  the  armature  of  the  electro -magnet  is  attracted,  and 
at  the  aame  moment  the  points  at  the  opposite  end  of  tbe  lever  com' 
contact  with  the  cylinder,  «nd  make  marks  on  the  paper  of  greater  or  leas 
length,  according  to  the  interval  of  time  elapsing  between  the  making  and 
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breaking  of  the  circuit.  To  secure  the  rapidity  and  certainty  of  th- 
tacts,  a  metallic  plate,  J  J.  is  fixed  across  the  band  a  o,  carrying  two  screws 
the  extremities  of  which  serve  to  regulate  the  motion  of  the  lever,  sad  to 
it  within  certain  narrow  limits,  just  sufficient  to  secure  exactness  and 
regularity.  The  paper  is  in  one  continuous  length,  and  is  wound  tightly 
round  a  wooden  cylinder,  from  which  it  is  afterwards  cut  into  convenient 
lengths. 

The  operation  of  the  instrument  is  as  follows:— Motion  is"  given  to  the 
drum  or  barrel  b  (Fig.  js6)  in  the  direction  of  tbe  nrrow  by  a  weight  at- 
tached  to  &  cord    acting    on 
Fla.  116.  wheelwork  within ;  the  motion 

in  communicated  through  a 
series  of  Intermediate  wheels  to 
the  cylinder  e,  between  which 
anil  the  cylinder  f  the  paper 
passes;  f  is  kept  in  cln-. 
tact  with  e  by  means  of  a 
spring;  is  is  the  steel  cylinder 
underneath  which  the'  paper 
passes,  and  r  is  one  of  the  steel 
points  attached  to  tbe  lever  t, 
(Fig.  325);  the  pulley  lj  re- 
ceives  motion  in  the  direction 
of  the  arrow  from  the  pullev  n 
in  tbe  centre  of  the  barrel  u. 
It  carries  on  its  axis  a  hori- 
RMUlal  arm,  11,  which  is  immediately  under  tbe  lever;  it  ia  bent  at.  u  go  n* 
to  Com*  into  contact  with  the  wooden  friction. wheel  c  at  the  point  P. 
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friction-wheel  ia  fixed  under  the  last  screw  of  the  machine,  ami  below  the 
lever.  From  the  lever  l  proceeds  a  strip  of  metal,  a,  which  traverses  the 
arm  h  ;  a  screw  and  nut,  i,  placed  at  the  extremity  of  the  rod  serving  to 
lengthen  or  shorten  it.  It  must  act  freely  at  its  point  of  junction  with  the 
lever,  as  well  as  at  its  point  of  junction  with  the  screw  u;  it  also  works  a 
hammer,  which,  sinking  a  bell  below  the  platform  of  the  apparatus,  warns 
the  operator  when  a  signal  is  about  to  be  transmitted. 

Now  as  long  as  the  bent  arm  h  d  is  in  contact  with  the  friction -wheel, 
the  whole  machine  is  at  rest;  but  when  by  the  action  of  the  electro-magnet 
on  the  lever  the  rod  a  is  raised,  the  weight  being  no  longer  restrained,  gives 
motion  to  the  barrel  u,  and  the  apparatus  is  put  in  action,  but  is  again 
stopped  the  instant  the  bent  arm  touches  the  friction -wheel.  In  this  way 
the  operator,  both  near  and  at  a  distance,  has  perfect  control  over  the  in- 
strument. 

The  apparatus  or  key  for  opening  and  shutting  the  circuit  is  shown  in 
Fig.  327.    k  is  a  brass  lever,  having  at  the  extremity  of  the  longer  nrm  u 
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bnttotij  i'.  <rf  insulating  material,  and  at  the  other  a  screw,  v,  which  passes 
through  the  lever,  and  the  point  of  which  can  be  adjusted  to  any  degree  of 
projection.  A  steel  point,  f,  is  attached  beneath  the  longer  arm  of  the  lever, 
and  two  contact  pieces  of  brass,  a  and  b,  are  fixed  beneath  these  points. 
A  small  spring,  r,  serves  to  keep  the  lever  in  its  normal  position,  v  being  in. 
contact  with  a,  and  t  separated  from  6.  The  lever  is  in  connection  with  the 
line  wire  through  the  fulcrum  s  and  the  binding  screw  c ;  b  is  in  connection 
with  the  positive  pole  of  the  battery  through  n  j  and  a  is  in  connection  with 
the  instrument  through  A.  When  V  and  a  are  in  contact,  a  current  coining 
from  the  distant  station  passes  from  v  to  a  and  to  the  earth  through  the 
instrument.  When  the  button  p  is  depressed,  a  positive  current  is  trutUh 
mined  on  the  line  to  the  distant  station,  and  a  series  ef  currents  of  different 
duration,  and  at  various  intervals,  can  thus  be  transmitted,  producing  corre- 
sponding signs  on  the  receptor  of  the  distant  instrument,  but  which  do  not 
pass  through  his  own  instrument. 

The  alphabet  used  with  this  telegraph  was  constructed  by  vnri- 
ous  combinations  of  lines  and  dota  in  the  following-  manner; — 
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A  B  C  D  E  P  G 

HI  J  K  L  M  N  O 

P  Q  R  S  T  U  V 

W  X  V  Z  &c 

Nnmerah. 
1234567 

890 

Suppose  now  a  message  was  to  be  transmitted  from  one  station 
to  another,  say  from  Baltimore  to  Washington,  the  key  of  the  first 
operator  is  at  Baltimore  and  his  register  at  Washington  ;  the  key 
of  the  second  operator,  on  the  other  hand,  is  at  Washington  and 
his  register  at  Baltimore.  Each  has  perfect  control  over  his  own 
apparatus,  and  sets  his  paper  to  receive  his  correspondent's  message. 
The  Baltimore  correspondent  commences  his  communications,  and 
however  rapidly  he  establishes  the  contacts  with  his  key,  the  elec- 
tro-magnet at  Washington  becomes  excited,  its  armature  attracted, 
the  whole  machinery  brought  into  full  operation,  and  the  commu- 
nication stamped  on  the  paper  in  accordance  with  the  above  alpha- 
betical characters. 

The  Morse  code  is  framed  on  the  combination  of  a  long  and  a 
short  current  of  the  same  kind,  separated  by  intervals  of  three 
different  lengths;  the  shortest  used  between  each  current,  the 
next  between  each  group  representing  a  letter,  and  the  longest  be- 
tween each  series  of  letters  representing  a  word.  Reverse  currents 
are  now  frequently  used  to  produce  these  intervals,  and  an  alphabet 
is  formed  of  groups  of  positive  and  negative  dots.  A  Morse 
code  common  to  all  usual  languages  is  now  almost  universally 
adopted. 

The  shortest  code,  as  compared  with  the  number  of  reversals 
required,  is  probably  that  exhibited  by  T.  Allen  at  the  Exhibition 
of  1862  (Jurors'  Report).  Every  letter  is  composed  of  a  group  of 
perfectly  similar  dots,  separated  by  three  sets  of  intervals,  as  in 
the  other  codes,  and  the  apparatus  is  so  arranged  as  to  print  a  dot 
at  each  change  of  current,  whether  from  positive  to  negative  or 


from  negative  to  positive ;  while  the  maintenance  of  either  cur- 
ii'iii,  or  the  complete  interruption  of  all  current,  indifferently  pro- 
duces the  intervals. 

An  ordinary  sensitive  galvanometer  may  he  made  subservient  to 
the  transmission  of  the  dot  and  dash  signals.  A  horizontal  needle 
being  placed  so  that  its  north  pole  is  directed  towards  the  magnetic 
pole  of  the  earth  may  have  two  ivory  stops  arranged  so  as  to  limit 
its  movements  to  slight  deflections  on  either  side.  Then  a  wire  in 
continuation  of  the  transmitting  conducting  wire  issuing  from  the 
signal  battery  being  wound  about  it  in  the  form  of  a  coil,  the 
needle  of  the  galvanometer  will  be  deflected  whenever  a  current  is 
sent  through  the  wire  and  coil.  If  the  current  which  is  paused  be 
but  an  instantaneous  one,  the  needle  will  strike  the  ivory  stop  for 
an  instant  only.  If  the  current  be  protracted  for  a  sensible  time, 
the  needle  will  hug  the  ivory  stud  for  a  sensible  time.  The  in- 
stantaneous touch  of  the  needle  and  the  stop  may  be  taken  to 
signify  '  dot,'  and  the  prolonged  contact  to  mean  '  dash,'  and  words 
may  he  spelt  out  by  the  common  dot  and  dash  alphabet. 

The  surprising  sensitiveness  of  this  simple  arrangement  is  de- 
monstrated by  the  following  experiments  (The  Atlantic  Telegraph, 
a  Descriptive  Account,  &c,  1857)  : — 

•One  of  the  horizontal  galvanometers  in  common  me  as  a  testing  instru- 
ment was  placed  on  a  table,  and  the  needle  allowed  to  assume  its  position  of 
magnetic  polarity  and  rest  A  battery  was  then  formed  of  two  little  plates, 
silver  and  zinc,  each  about  Ihree.-icnths  of  an  inch  long  and  two-tenths 
of  an  inch  wide.  These  were  fixed  in  a  transverse  support,  so  that  there 
was  just  space  for  a  drop  of  liquid  to  hang  suspended  by  its  own  adhesion 
between  them.  This  battery  was  then  charged  by  insinuating  a  drop  of  aci- 
dulated water  between  the  plates ;  the  cine  plate  was  connected  to  the  earth 
by  a  wire,  and  the  Bilver  plate  was  connected  with  one  tliousund  ctmtinvous 
miles  of  the  Atlantic  cable  (not  immersed),  which  transmitted  its  current 
through  the  galvanometer  to  the  earth  at  the  farther  and. 

'  When  contact  was  made,  and  the  current  of  this  almost  inlinitesimal 
hatter)-  was  transmitted  through  the  cable  to  the  galvanometer,  clear  and 
bold  deflections  of  the  needle  were  almost  instantly  made  ;  and  it  was  found 
that  these  deflections  could  be  most  readily  caused  to  signal  the  dot  and 
dash  characters.  The  beat  of  a  seconds  pendulum  was  counted  while  the 
signalling  was  in  progress,  and  it  appeared  that  this  very  weak  current  re- 
quired something  under  three  seconds  for  its  transmission  through  the  thou- 
sand miles  of  cable.' 

{217)  Belay*i  — These  are  instruments  designed  to  re-transmit 
signals  into  a  fresh  circuit  from  a  local  battery.  In  the  original 
form  of  the  Morse  instruments,  considerable  force  is  required  to 
emboss  the  signals  on  the  paper,  and  the  currents  received  at  the 
station  from  long  distances  were  found  not  of  sufficient  power  to 
produce  the  required  effect.    Relays  are  of  various  forms;  for 
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rough  work,  an  instrument  of  the  simplest  construction  is  used  in 
France.     A  soft  iron  hollow  cylindrical  armature  on  one  end  uf  » 
rocking  lever  is  attracted  downwards  by  the  two  poles  of  an  upi 
horwahoe  electro-magnet  during  the  passage  of  a  curzent 
antagonistic  spiral  spring  lifts  the  armature  again  whea  the  current 
ceases.     This  apring  can  be  adjusted  by  a  screw.     The  contacts 
required  are  on  the  rocking  lever.     A  good  relay  should  possess 
the  following  properties  (jury  Report  on  Electrical  In 
hiUirtatiimid  Kihilntum,  1861)  : — It  should  be  easily  adjusted,  so 
as  to  work  with  any  required  strength  of  positive  or  negative- 
rent.     It  should  work  freely  under  tbe  influence  of  an  extremely 
Blind  1  rise  and  fall  of  current  above  and  below  the  strength  of  cur- 
Be  nt  to  which  it  is  set,  and  when  once  adjusted  to  a  given  strength, 
it  should  be  constant,  that  is  to  say,  should  always  work  with  the 
same  rise  and  fall  above  and  below  the  strength  to  which  it  is  set. 
The  moving  parts  should  be  very  light,  and  traverse  the  shortest 
possible  space  in  order  to  allow  rapid  work  under  the  infim-in 
small  forces.     Finally,  the  contacts  should  be  so  arranged  aa  to  he 
easily  adjusted  and  cleaned. 

Tlie  condition  of  constancy  in  a  relay  is  extremely  diffieui 
fulfil  when  electro-magnets  are  used,  in  consequence  of  the  resi- 
dual magnetism  of  the  soft  iron  cores.    A  negative  signal  occur 
after  a  series  of  positive  currents,  or  after  a  long  positive  curreut, 
does  not  produce  the  same  effect  on  the  soft  iron  as  a  negative 
signal  occurring  after  a  series  of  negative  currents,  or  after  a  long 
negative  current,  and  neither  effect  will  be  the  same  as  that  pro* 
duced  by  the  first  few  currents  received  after  the  soft  iron  ha* 
been  for  some  time  free  from  all  electric  influence.     This  difficulty 
has  led  to  the  adoption  of  galvanometer  relays,  in  which  the 
tacts  are  produced  simply  by  the  deflection  of  a  hard  steel  mag- 
netized needle  under  the  influence  of  a  coil  or  coil3  of  wire,  with- 
out the  use  of  any  soft  iron  whatever,  provided  the  current- 
not  too  strong,  their  only  sensible  effect  is  to  produce  an  alteration 
in  the  position  of  the  needle,  and  equal  effects  are  therefore  alv 
produced  by  equal  currents.     Mercury  contacts,  the  invention  of 
Sir  Charles  Bright,  are  used  in  relays  by  the  British  and  Irish 
Magnetic  Telegraph  Company,  the  oxidation  of  the  mercury  being 
prevented  by  making  the  contacts  in  a  fine  stream  of  mercury  i 
stantly  in  motion. 

In  another  form  of  relay,  also  the  invention  of  Sir  C.  Bright, 
which  has  been  uBed  by  tbe  same  company  for  many  years,  j 
tive  and  negative  currents  are  re-transmitted  into  the  second  cir- 
cuit in  the  order  in  which   positive  and  negative  signals  are 
received.     la  this  instrument  two  armatures  are  worked  from  the 


pa 

nol 


opposite  poles  of  two  straight  electro-magnets.  One  annature  is 
set  so  as  to  work  with  positive  signals,  and  used  to  connect  the 
positive  pole  of  a  battery  with  the  second  circuit,  the.  other  set  so 

to  work  with  negative  signals,  and  used  to  connect  the  negative 
pole  of  a  battery  with  the  second  circuit;  the  two  straight  electro- 
magneto  stand  side  by  side,  and  the  two  steel  magnetized  armatures 
are  placed  at  the  opposite  ends  of  the  pair  centred  on  an  axis  be- 
tween two  poles. 

>A  view  of  a  complete  Morse  instrument,  with  the  relay  which 
has  been  extensively  used  throughout  Europe,  is  given  in  Fig. 
S  is  an  electro- magnet  wound  with  a  great  length  of  fine  wire,  having  a 
resistance  ordinarily  of  about  iao  mites;  a  metallic  support  it  carries  a  lever 
t>,  to  one  end  of  which  is  attached  a  soft  iron  armature  a'  in  the  form  of  a 
split  tub«,  with  the  view  of  getting  rid  of  residual  magnetism  as  far  as  pos- 
sible from  the  part  which  approaches  the  electro-magnet ;  the  other  end  of 
the  lever  works  between  the  points  of  the  two  screws  f  aud  g  \  g  is  insu- 
lated and  supported  by  the  hollow  pillar  u' ;  /  is  connected  with  a  rod  of 
metal  inside  this  pillar,  and  insulated  from  it,  A  spiral  spring  r'  is  adjusted 
so  as  to  draw  o  away  from/"  when  in  a  state  of  repose,  and/'  is  so  adjusted 
that  when  the  armature  a'  is  nti ratted  by  the  electro-magnet,  they  cannot 
inueh  one  another,  being  prevented  by  the  contact  between  f  and  u';  d'  is 
in  connection  with  tbe  sing  of  the  local  battery  through  h  and  z ;  /  is  in 
connei'tHiii  through  v  \  and  e  with  one  end  of  the  coil  of  the  electro-magnet 
e,  which  works  tbe  apparatus.  The  copper  pole  of  the  local  battery  is  in 
connection  with  the  other  end  of  tbe  coil  of  e  through  c  and  d. 

The  current  from  the  distant  station  arrives  at  I,  passes  to  e,  and  through 
coils  of  the  relay  magnet  to  d,  and  so  to  the  earth  through  t;  b'  become* 
tic,  attracts  a*  and  makes  contact  between  d'  and/",  thus  completing 
the  circuit  of  the  local  battery  through  the  electro-magnet  k.  The  electro- 
magnet  E  has  an  armature  a  which  is  attached  to  a  lever  »,  adjusted  in  the 
same  manner  as  i>',  by  two  screws/" and  ;;,  insulated  from  one  another,  and 
a  spiral  spring  r;  the  other  extremity  of  d  carries  a  screw  point  v  placed 
opposite  to  a  groove  in  the  barrel  i,  aud  adjusted  so  as  to  be  in  tontnet  with 
it  when  e  attracts  A.  A  ribbon  of  paper,  about  half  an  inch  wide,  is  coiled 
on  the  drum  b,  passed  through  the  guide  m,  under  the  spindle  o,  and  be- 
tween the  two  rollers  6  and  a,  which  grip  the  paper  between  them  and  draw 
it  tlirough  at  an  uniform  rate  as  a  rotates  by  the  action  of  clockwork  inside 
the  metal  case  u.  The  clockwork  is  set  in  motion  or  stopped  by  moving 
the  lever  k  to  the  right  or  left. 

To  receive  a  message,  the  clockwork  is  set  in  motion,  and  as  each  pulsa- 
tion of  electricity  which  arrives  from  tbe  distant  station  communicates 
magnetism  to  e,  through  the  means  of  the  relay  and  local  battery,  it  attracts 
A  with  considerable  force,  and  presses  the  point  of  v  into  contact  with  the 
paper  ribbon  as  it  is  drawn  through  the  rollers,  and  according  as  the  dura- 
tion of  the  current  of  electricity  is  longer  or  shorter,  a  longer  or  shorter 
mark  is  embossed  on  the  paper.  The  moment  the  current  ceases,  the  spring 
r  draws  the  point  away  again  from  the  paper. 

bo  a 
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Instead  of  embossing  the  signals  on  the  ribbon  of  paper  by 
mechanical  pressure,  the  paper  may  be  saturated  with  a  solution 
of  ferrocyanide  of  potassium,    and  caused  to  pass  OTer  a   bxau 

»  wheel  in  connection  with  the  positive  pole  of  the  local  battery, 
tli.  negative  pole  being  connected  with  an  iron  point  which  is 
kept  in  contact  with  the  paper  by  a  spring.  A  chemical  decom- 
position is  thus  produced  by  every  current  which  pusoft,  Prussian 
bhu  being  the  result,  in  which  colours  the  signals  are  printed, 
This  method  was  suggested  by  Mr.  Bain. 

(218)  Modification  of  the  Morse  Instrument  by  Siemens 
and  Halvfce. — The  signals,  instead  of  being  embused  on  the  paper 


Fig.  319. 


by  pressure,  are  printed  in  ordinary  printers  ink.     The  mechanism 

»by  which  this  is  effected  is  shown  in  Fig.  3*9,  which  represents 
the  recording  part  of  the  instrument,  the  remainder  being  identical 
with  Fig.  328. 
M  is  a  small  wheel  which  revolves  on  its  axU  at  an  uniform*  rate  by  the 
action  of  the  same  clockwork  which  unwinds  the  ribbon  of  paper;  fie  an  ink 
roller,  by  which  the  edge  of  n  is  kept  constantly  supplied  with  ink.    l  is  the 

»pcn  lever,  which  is  made  very  light,  and  carries  at  its  extremity  a  small 
projection  p,  on  which  the  paper  is  supported  as  it  is  wound  off  the  reel. 
The  height  of/>  is  so  regulated  by  the  udjusting-screw  «,  that  the  papej 
pusses  just  below  w  without  touching  it. 

When  a  enrrent  of  electricity  circulates  through  the  elect ro-rnaguet,  it 
ittracts  the  armature,  moves  the  lever  t^  and  raises  the  ribbon  of  paper 
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which  rests  on  p  unli]  it  tenches  the  edge  of  n,  wheD  either  a  dot  or  a  doth 
is  printed,  according  to  the  duration  of  the  current 

The  amount  of  work  to  be  done  by  the  electro- mag  net  in  this  arrangement 
is  very  small ;  it  has  only  to  lift,  an  inch  or  two  in  length  of  the  ribbon  of 
paper  through  the  distance  of  about  one-twcnticlh  of  un  inch,  consequently 
the  current  arriving  by  the  line  wire  from  a  distant  nation  has  sutlki-  it 
force  to  work  the  apparatus,  and  the  relay  and  local  battery  can  be  dispensed 
with. 

Several  other  forma  of  receiving  instruments  were  shown  at  the 
hitrrnntional  Exhibition  of  1862.  A  very  cheap  apparatus,  exten- 
sively used  io  Switzerland  and  Italy,  and  which  is  said  to  work  a 
very  long  time  without  requiring  to  bo  cleaned  or  repaired,  was 
exhibited  by  M.  Hipp,  All  the  working  parts  are  protected  by  a 
glass  case,  and  the  paper  roll,  the  adjustment,  the  stopping  and 
starting  handle,  the  guide,  &c,  are  conveniently  placed. 

In  the  usual  form  of  the  Morse  receiver,  the  paper  must  be  started 
when  a  call  is  heard,  and  stopped  when  the  message  ends.  An  ap- 
paratus in  which  these  function!?  are  performed  by  the  instrument 
itself,  was  shown  by  T.  Sortais.  Several  improvements  on  the 
original  method  of  supplying  the  printiug  ink  were  also  exhibited. 
Thus,  instead  of  a  moistened  felt  roller,  Siemens,  rl&lake,  nod 
cause  the  disc  to  be  half  immersed  in  a  trough  of  ink.  which  is  kept 
at  a  constant  level  by  tilting  more  or  less  a  large  receiver.  The  <1  isc. 
as  it  revolves  in  the  trough,  is  always  equally  wet,  ami  the  refilling 
of  the  reservoir  need  not  cause  either  dirt  or  delay.  E.  Tyer  sup- 
plies the  ink  to  a  little  nipple  on  a  tube  over  the  paper  from  a 
reservoir  above  it,  flowing  through  the  tube  pnst  the  nipple,  and 
down  into  a  second  reservoir;  the  paper  is  marked  when  pressed 
up  against  this  nipple,  but  the  hole  in  the  latter  is  too  small  to  lei 
ink  run  out  except  when  the  paper  i.»  pressed  against  it.  In 
another  arrangement  by  the  same  exhibitor,  the  disc  is  supplied 
with  ink  fnim  it  saturated  cloth  which  never  leaves  the  disc,  and 
therefore  keeps  it  always  moist. 

(rig)  The  'House'  Type-printing  Telegraph. — This  instm- 
ment,  which  is  used  to  some  extent  in  America,  is  based  upon 
the  step-by-step  motion,  the  number  of  waves  sent  determining 
the  letter  to  be  printed.  The  type  is  made  to  revolve  by  means 
of  a  treadle,  but  is  checked  at  each  letter  by  an  escapement,  which 
only  allows  it  to  move  one  letter  at  a  time.  This  escapenv 
moved  by  the  flow  of  compressed  air  upon  alternate  bends  of  a 
plunger.  The  passage  of  air  is  governed  by  a  valve  attached  hi 
the  armature  of  the  axial  electro-magnet,  each  wave  of  the  voltaic 
fitment  causing  an  action  of  the  magnet,  and  consequently  of  the 
plunger  and  escapement  by  the  air  force  Compressed  air  is  need 
In  get  greater  power  on   the   escapement,  as   the  electric  CU1 
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would  lie  too  weak  to  move  it,  while  sufficient  to  move  the  arma- 
tures and  valve.  In  the  transmission  of  a  message  the  operator 
sending  it  checks  a  circuit  breaker  at  a  certain  number  of  wave*, 
and  this  stops  the  type  wheel  of  the  distant  instruments  hy  means 
of  the  escapement,  and  as  soon  as  stopped  a  press  is  unlocked  which 
imprints  the  letter.  This  unlocking  of  the  press  is  very  ingenious, 
its  action  depending  on  the  motion  of  the  type  wheel.  The  main 
constituents  of  this  instrument  are  the  transmitting  apparatus,  a 
«( impound  axial  magnet,  and  a  manual  power  by  which  the  instru- 
ments are  kept  in  motion. 

House's  telegraph  is  more  rapid  than  that  of  Morse,  printing 
accurately  twelve  to  fifteen  hundred  words  an  hour  in  ordinary 
working,  and  it  is  therefore  approved  upon  lines  that  have  a  great 
amount  of  business ;  it  is,  however,  more  complicated  than  Morse's 
instrument.,  and  requires  an  immense  battery  power  to  work  it>  so 
much  so,  that  it  is  not  practicable  upon  the  best  air  or  overground 
lines  for  circuits  of  more  than  150  miles,  while  upon  underground 
or  submarine  wires,  it  is  said  (Hyde,  Journ.  Soc.  Ail*,  April  15, 
1859),  that  it  cannot  be  worked  fifty  miles. 

(zao)  Hughes's  Type-printing-  Telegraph. — In  this  instru- 
ment each  letter  of  a  message  is  recorded  by  a  single  wave  upon 
one  wire.  To  accomplish  this,  several  requisites  are  necessary  : — 
1.  Synchronous  motion  ;  2.  An  electro-magn«t  by  which  the  timing 
of  the  electrical  wave  may  be  accurately  measured  ;  3.  A  writing- 
apparatus,  by  which  the  message  may  be  correctly,  rapidly,  and 
ciisily  transmitted  ;  4,  A  printing  apparatus,  by  which  the  operator 
can  record  the  message  unerringly  upon  his  own  instrument,  as 
well  as  upon  the  one  at  the  distant  station.  The  instrument  is 
governed  by  a  vibrating  spring.  It  is  a  well-known  law  that  a 
certain  number  of  vibrations  produces  a  certain  musical  tone ; 
therefore,  if  two  or  more  springs  have  the  same  tone,  they  must 
necessarily  have  the  same  number  of  vibrations  in  the  same  time. 
The  instruments  are  kept  in  motion  by  a  weight  acting  upon  a 
train  of  wheels,  the  spring  governor  acting  upon  them  by  means 
of  an  ordinary  escapement.  These  vibrations  may  succeed  each 
other  with  nny  degree  of  rapidity  required.  They  are  regulated 
by  a  small  weight  attached  to  a  spring,  and  raised  or  lowered  until 
the  number  of  vibrations  or  rhe  desired  tone  is  produced. 

The  working  parts  of  this  instrument,  which  is  one  of  the  most 
perfect  printing  telegraphs  that  has  been  invented,  is  shown  in 
Fig.  *J30/  where  a  is  the  keyboard  ;  b  the  vibrating  spring;  c  the 

•  Journal  of  the  Society  of  Arts.  April  1 5,  1859,  paper  by  Mr.  Hyde,  from 
which  also  the  above  description  of  this  telegraph  has  been  extracted. 
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etectro~lht§liel ;  D  the  detent ;  e  the  type  wheal ;  f  tbe  ink  roll 
»•  the  paper  printfil  up. ni ;  k  the  revolving  shaft ;  i  the   i 
arm  <>r  circuit  closer. 

Tin.  »o. 


# 


oA« 


(a)  77ie  Magnet. — This  ii  of  peculiar  contraction.     A  permanent  magr 
polarize?  the  cores  of  an  electro-magnet,  ami  holds  the  armature  in  couts 
with  its  poles.     A  spring  is  attached  to  this  armature,  and  so  adjusted  as 
exert  u  counteracting  power  a  little  weaker  than  the  force  of  mag 
attraction.     If,  therefore,  the  magnetic  force  be  diminished,  the  armature  is 
removed  from  the  poles  of  the  magnet  by  the  force  of  the  spring.     The  ar- 
rangement is  such  that  the  current  of  electricity  passing  through  the  coil 
when  the  circuit  is  completed,  induces  an  opposite  magnetism  to  that  of  the 
permanent  magnet.     The  electrical  force,  therefore,  which  worka  (hie  instru- 
ment need  not  be  sufficient  to  induce  such  a  degree  cf  magnetism  as  to 
render  the  core  sufficiently  magnetic  to  attract  an  Armature  to  its  polt 
the  practice  in  all  other  recording  telegraphs.     For  instance,  if  the  cores 
the  electro-magnet,  polarized   by  the  permanent  magnet,  have  a  holding 
force  ou  the  armature  of  ten,  and  the  spring  attached  to  the  armature 
adjusted  with  an  opposing  force  of  nine,  then  a  current  of  one  reducing  t> 
force  of  the  electro- magnet  would  cause  the  spring  to  rise  with  a  for< *i 

This  arrangement  can  in  practice  be  so  nicely  adjusted,  as  to  work  with 
very  feeble  current,  and  accurately  measure  the  timing  of  the  electrical  wave. 
The  armature  being  mechanically  restored  to  contact  with  the  poles,  has 
the  advantage  of  being  acted  upon  by  the  maximum  power  of  the  electro- 
magnet, instead  of  a  power  lessened  by  more  than  the  square  of  the  distance 
the  armature  has  to  bo  attracted,  as  is  the  case  with  the  relay  magnets  use 
in  connection  with  the  Morse  and  other  systems. 

(6)  The  Transmitting  Apparatuf.—T\i6  letters  of  the  alphabet,  as  well 
a  dot  and  a  blank,  are  marked  fn  twenty-eight  keys,  arranged  like  thoM 
u  piano,  save  that  they  are  alternately  black  and  white.     These  keva  CO 
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respond  to  twenty-eight  holes  arranged  in  a  circle  on  the  horizontal  door  or 
table  of  the  instrument,  immediately  in  front  of  the  keys,  Each  key  ia  con- 
nected by  a  lever  with  a  little  steel  knob,  which,  when  the  key  is  pressed 
down  by  the  finger,  rises  up  through  one  of  the  holes.  If  a  key  marked 
with  a  particular  letter  be  touched,  the  knob  corresponding  with  this  letter 
rises,  the  revolving  arm  passes  over  it,  and  for  the  instant  closes  the  circuit, 
and  allows  an  electrical  impulse  to  be  transmitted.  This  impulse,  by  arrange- 
ments presently  to  be  described,  causes  the  particular  letter  to  be  recorded 
on  &  slip  of  paper  in  printer's  ink.  The  instant  the  arm  passes  over  the 
little  raided  knob  the  circuit  is  broken,  and  if  the  linger  were  held  the 
hundredth  part  of  a  minute  on  the  key,  the  hand  would  pass  again  over  the 
knob  and  the  letter  would  be  repeated.  To  prevent  this,  the  hand  carries 
after  the  portion  of  it  which  rides  over  the  knob  and  completes  the  metallic 
contact  which  closes  the  electrical  circuit,  a  little  inclined  plune,  which 
throws  the  knob  out  of  its  position,  so  that  the  hand  cannot  pass  over  it  on  any 
future  revolution  after  the  first  contact.  This  arrangement  is  rendered 
necessary  to  prevent  the  repetition  of  letters,  on  account  of  the  extreme 
rapidity  of  the  revolving  arm  and  recording  apparatus. 

(c)  The  Printing  Apparatus.— A  shaft  which  revolves  seven  times  faster 
than  the  type  wheel,  has  a  flywheel  upon  it  to  overcome  the  inertia  of  a 
small  shaft  which  mores  the  printing  press.  This  shaft  is  locked  to  the  fly- 
wheel shaft  by  means  of  a  clutch  which  rests  upon  a  small  inclined  plune. 
Whenever  this  clutch  ia  kept  upon  the  inclined  plane,  by  means  of  a  detent, 
the  flywheel  shaft  revolves  independently  of  the  small  printing  shaft ;  but 
as  soon  as  the  detent  is  moved  by  the  action  of  the  armature  of  the  electro- 
magnet, the  clutch  locks  both  shafts  together,  and  the  small  shaft  is  made 
to  revolve  one  revolution,  when  the  clutch  again  rests  upon  the  inclined 
plane,  which  lift*  it  off  the  flywheel  abaft.  A  cam  h)  attached  to  cue  end  of 
this  shaft  which  lifts  the  press  and  the  paper  upon  which  the  message  is  to 
be  printed  against  the  type  wheel.  The  time  of  the  locking  of  the  shafts 
depends  upon  the  arrival  of  the  electrical  wave,  and  thus,  with  two  instru- 
ments in  perfect  harmony,  the  Operator  has  the  printing  apparatus  of  the 
distant  instrument  as  completely  nnder  his  direction  as  the  one  before  him. 
But  to  correct  any  minute  variation  in  time  between  the  instruments  in 
circuit,  there  is  a  corrector  or  wheel  attached  to  this  shaft  with  hook-shaped 
teeth,  which  mesh  into  corresponding  cavities  in  the  type  wheel.  The  latter 
being  loose  upon  the  shaft,  or  only  held  by  friction,  is  removed  backwards  or 
forwards  by  tho  corrector  to  exactly  the  same  position  as  the  type  wheel  on 
the  instrument  from  which  the  message  is  being  sent.  This  correction  takes 
place  in  the  net  of  printing  every  letter.  There  is  also  upon  this  shaft  a 
cam  so  arranged  that  the  moment  the  armature  falls  off  the  electro-magnet 
and  opens  the  detent,  it  forces  the  detent  up  and  restores  the  armature  to  its 
original  position  upon  the  poles  of  the  magnet. 

Another  feature  in  the  instrument  is  its  power  of  cutting  off  at  will  alt 
offices  except  the  one  to  which  it  is  desired  to  communicate.  This  is  accom- 
plished by  a  flange  on  the  type  wheel — this  flange  having  a  apace  cat  out 
opposite  a  certain  letter,  and  each  office  having  the  flange  cut  out  at  different 
letters  from  each  other,  a  bolt  is  made  to  slide  through  the  space,  and 
moved  through  by  the  action  of  the  instrument.  If  this  bolt  is  sent  through 
at  the  moment  when  the  space  is  opposite,  it  permits  the  instrument  to  run, 
if  not,  it  goes  against  the  flange  and  locks  the  type  wheel. 
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I  In"  operator  knowing  at  wliat  letter  a  certain  in§trunient  will  be  unlocked, 
touches  that  key;  this  allows  the  instrument  he  wishes  to  communicate 
with  to  run,  and  he  can  send  the  message  to  that  one,  the  other  office?  being 
unable  to  get  it,  as  they  would  be  locked,  and  could  not  bring  their  instru- 
ments into  unison  with  the  one  sending  the  despatch.  Thus  it  is  absolutely 
secret  in  its  transmissions,  and  if  necessary,  any  one  could  send  bit 
message,  as  it  is  only  necessary  to  insure  its  safe  arrival  to  touch  the  riglit 
keys,  which  are  all  lettered. 

Tlie  eh  ctrical  circuits  are  exceedingly  simple.  The  earth  wire  connects  with 
the  steel  pins  or  knobs  on  the  keys  of  the  transmitting  apparatus,  and  from 
the  revolving  arm  through  the  electro-magnet,  and  thence  through  the  Hue 
and  distant  magnet  to  the  earth,  Keversed  currents  are  not  necessary 
except  on  long  submarine  wires.  There  may  he  as  many  instruments  in 
circuit  as  may  be  desired.  The  European  news,  consisting  of  about  3,000 
words,  by  the  arrival  of  each  Transatlantic  steamer,  is  transmitted  by  Urfi 
instrument,  from  Boston  to  New  York,  a  circuit  of  about  300  miles,  at  the 
rate  of  2,000  or  2,500  unabbreviated  words  per  hour. 

The  mode  of  operating  is  extremely  simple  and  easily  acquired.  The 
office  desiring  to  transmit  a  message, calls  the  station  by  touching  the  keys 
in  a  pre-arranged  order;  the  distant  umce  at  once  returns  the  signal  •<  >. K  .' 

Fig-  !M- 


or  all  right.  The  manipulator  then  commences  the  message,  first  striking 
the  zero  key  to  start  the  distant  type  wheel  in  unison  with  his  own.  If  the 
message  is  received  correctly,  he  is  allowed  to  finish,  and  then  the  operator 
at  the  distant  office  gives  the  signal  of  •  all  right;'  if  there  is  a  mistake,  tho 
receiving  office  touches  his  key  board,  which  throws  extra  letters  to  £k< 
transmitting  station,  and  he  then  commences  again  from  the  point  where  he 
made  a  mistake.  There  can  be  no  mistake,  however,  if  theoperatrr  touches 
the  right  key,  and  manipulators  become  so  expert  that  they  seldom  touch 
the  wrong  one;  if  they  do,  the  error  is  shown  by  the  copy  of  the  message  on 
their  own  instrument,  and  immediately  corrected. 

(in)  Magnetic  Telegraphs. — In  these  instruments  Ihe  mo- 
tions, of  the  needles  are  actuated  by  the  moineutiuy  currents  in- 
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duced  in  electro-magnetic  coils  when  moved  in  proximity  to  the 
poles  of  a  permanent  steel  magnet. 

i.  Jleiilei/'a  Original  Double  Needle  Apparatus. — -This  ia  ahown 
in  Fig.  jji. 

Two  compound  bar-magnets  a  a  are  fixed  parallel  to  each  oilier,  so  that 
their  opposite  poled  are  in  juxta-positiou.  At  each  end  of  the  magnets  are 
arranged  a  pair  of  electro-magnetic  coils  b  6',  which  are  connected  togethi-r 
at  the  back  by  a  soft  iron  armature  e  ;  each  pair  is  attached  to  a  separate 
axle  and  finger-key  e  e',  and  are  perfectly  independent  of  each  other,  so  that 
by  their  motion  they  can  communicate  magneto-electric  currents  to  the 
two  line  wires  z  z.  In  order  to  avoid  the  friction  that  would  ensue  on  the 
motion  of  the  coils,  if  their  soil,  iron  centres  were  in  actual  contact  with  the 
poles  of  the  permanent  magnets,  the  axlea  upon  which  the  coils  are  fixed  are 
so  adjusted  as  to  bring  the  ends  of  the  soft  iron  cores  to  within  about  one- 
sixteenth  part  of  an  inch  from  the  magnets.  When  the  sending  part  of  the 
apparatus  is  at  rest,  a  spring  A  keeps  the  coils  so  disposed  that  the  centre  of 
one  is  before  one  pole  of  the  magnet,  and  the  other  before  the  other  pole. 
This  answers  a  double  purpose:  the  iron  cores  and  armatures  of  the  coils 
act  as  a  keeper  to  the  magnets  when  the  apparatus  is  not  in  use,  and  the 
position  at  the  same  time  is  such  that  the  maximum  of  inductive  effect  is 
obtained  upon  the  motion  of  the  cods.  The  finger-key  attached  to  the  axle, 
on  being  depressed,  reverses  the  position  of  the  coils  in  relation  to  the  poles 
of  the  magnets;  the  alteration  in  the  polarity  of  the  soft  iron  cores  which 
thereupon  ensues,  occasions  by  induction  a  revulsion  in  the  electric  condition 
of  the  convolutions  of  wire  forming  the  coils,  and  the  current  induced  Hows 
from  one  terminal  wire  of  the  pair  of  coils,  through  the  indicating  portion  of 
the  apparatus  ■  in  one  direction  to  the  earth,  and  from  the  other  terminal 

Ewire  ill  the  opposite  direction  through  the  line  wire,  On  the  return  of  the 
linger  key  to  its  original  position,  the  polarity  of  the  cures  is  again  reversed, 
urn!  current*  arc  inducrd  in  the  opposite  direction  to  those  previously  gene- 
rated. The  operation  o(  the  one  current  is  to  deflect,  and  of  the  uther  to 
bring  back,  to  zero,  the  indicating  needle  of  the  apparatus,  and  of  the  instru- 
ments at  the  various  stations  to  which  the  currents  may  pass.  The  motion 
of  the  other  linger- key  leads  to  similar  effects  bring  produced  in  connection 
with  the  other  line  wire;  and  the  combinations  of  movements  of  the  two 
indicating  needles  constitute  the  alphabet. 

The  indicating'  portion  of  this  telegraph  consists  of  a  pair  of 
small  electro-magnetic  coils  coupled  together  by  nn  armature;  the 
I  iron  cores  project  beyond  the  coils,  and  are  terminated  by 
r-omicirculnr  horns  of  soft  iron.  This  elongation  of  the  cores  was 
found  necessary  in  order  to  prolong  the  polarization  of  the  coil,  as 
the  great  intensity  of  the  induced  current  would  not  oecadoa 
during  its  passage  through  the  coil  a  sufficient  amount  of  polarity 
in  the  iron  to  move  the  magnet  of  the  indicating  needle  unh 
effects  -were,  so  to  speak,  thus  temporarily  fixed.  On  the  return  of 
the  finger-key  to  its  original  position,  an  amount  of  residual  mag- 
netism is  left  in  the  horns  of  the  indicating  coils  sufficient  to  hold 
the  needle  in  its  position  at  zero  when  the  instrument  is  at  rest. 


„g5  '  rarc  w  mbifw. 

Uv  this  arum  frenient  what  is  technically  I 
needle  i^  produced,  and  the  needle  at  the  -unit-  time  is  ti 
eonilibriiim  upon  it«  rtxle.  conditions  which  conduce  (neatly  to 
rapidity  and  invariability  of  the  needle's  motion,  mid  to  seen 
■nterpretstion  of  tin-  signal*.     Tin"-  magnets  used  to  generate  the 
induced  currents  are  tempered  in  a  particular  manner,  mid  retain 
their  polarity  for  years.      They  are  easily   re-tnajmetized   « 
reaniredfhv  liiinping  their  pules  for  a  short  time  into  contact  with 
nnowofU'dectHMDignet. 

Fig.  j,: 


i.  Henhy's  Siii'Jr  Needle  Maytutic  Telegraph. — This  inatrutu 
is  shown  in  Fig.  331. 

a  i^a  permanent  niagnet ;  K  ami  s  its  north  anil  south  polei ;   11  i«  a  por- 
tion of  a  hollow  brass  cylinder  or  wheel,  on  the  surface  of  which  are  fixed 
pieces  of  soft  iron  a  a  a",  and  which  is  moved  through  a  small 
central  axis  c  by  means  of  a  lever  and  handle  h.  its  motion  being  limit) 
the  stop  11,  against  which  two  projections  p  p',  padded  with  india-rubbcc 
strike,     n  being  heavier  than  k,j/  buts.  against  d  when  the  instrument  1-  in 
its  normal  state.     E  is  an  elect ro-inuynet,  its  pole*  being  liorizoiualh  be;ide 
one  another,  and  so  placed  that  a  a  a"  pass  very  close  to,  but  do  aot  touch 
then.     In  the  normal  position  a  is.  opposite  to  y.  and  to  the  left-hand  pole 
of  the  electro-magnet,  communicating  to  it  by  induction  s  polarity ;  u'  is 
opposite  to  s,  and  to  the  right-hand  pole  of  the  electro-magnet,  which  thus 
becomes  |  n  pole;  a"  is  Inactive  in  this  position.     When  it  is  depress.'; 
KTiiovcd  from  its  position  Opposite  the  leil-haud  pole  of  the  elect ro-m ague t, 
nii'l  is  replaced  by  a",  which  communicates  to  it  s  polarity,  whiles')  still 
opposed  to  the  right-hand  pole  of  the  elect ro-magnet,  is  remove. 

tiuence  cf  s  and  brought  opposite  H,  thus  reversing  the  polarity  of  E.     At 
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each  reversal  of  ill e  polarity  of  E  a  momentary  current  of  induced  electricity 
circulates  through  its  noil*,  which  being  in  communication  alone  extremity 
with  the  earth,  anil  at  the  other  with  the  coil*  of  the  electro- magnet  of  its 
preceptor,  am',  so  through  the  line  wire  to  the  distant .  statimi,  alfecls  both 
needles  nt  the  same  moment. 

In  thia  instrument  the  needle  is  always  acted  upon  by  alternating  reverse 
currents  of  momentary  duration,  and  therefore  it  is  necessary  to  temper  the 
I  "Is  of  the  electro -may  net  of  the  receptor  slightly,  in  order  that  tliey  may 
retain  some  of  the  magnetism  communicated  to  them  by  the  momentary 
currents  of  induced  electricity,  and  so  hold  the  needle  over  to  the  side  lo 
which  it  may  huve  been  deflected,  until  the  reverse  current,  destroying  the 
residual  magnetism,  imparts  magnetism  of  the  opposite  kind.  The  deflec- 
tion to  the  left  is  taken  as  the  zero  corresponding  with  the  norm 
of  the  lever  u  u.  and  the  deflections  to  the  right  are  given  different  durations 
to  signify  the  dots  and  das/us  of  the  Morse  alphabet. 

The  form  of  the  armature  of  the  electro-magnet  in  the  receptors  of  these 
instruments  is  shown  in  Fig.  333.     The  needle  is  attracted  by  iwq  of  the 
extremities  of  the  horns,  anil  repelled  by  the  other  two.     When  the  current 
in  the  electro-magnet  is  reversed,  the  attractions 
and  repulsions  take  place  in  opposite  directions. 

In  order  to  reduce  the  resistance  in  the  circuit, 
the  coils  of  the  large  electro-magnet  are  excluded 
when  the  instrument  is  in  the  position  for  re- 
'i-iving,  by  the  contact  between  the  spud  h  nnd 
the  spring/":  f  is  in  connection  with  the  earth, 
ami  A  through  the  press  I  ni  me- work  of  the  in 
strument  with  the  toil  of  the  electro-magnet  of 
the  receptor. 

3,  Bright' s  Magnetic  Telegraph.  —  Thia 
instrument  was  devised  with  a  view  of  ob- 
viating1 the  effects  of  the  recoil  currents  which. 

ill  ways  occur  in  the  working  of  underground  wires,  interfering 
materially  with  the  working  of  telegraphic  apparatus.  The 
nature  of  the  interference  will  be  at  once  understood  when  it  is 
mentioned  that  with  a  letter-printing  telegraph  the  surplus  current 
has  a  tendency  to  carry  the  machinery  on  further,  and  to  make 
other  letters  than  those  intended.  With  the  chemical  and  other 
recording  telegraphs,  the  surplus  flow  of  electricity  will  continue 
nearly  a  minute,  entirely  confounding  the  marks,  and  representing 
one  letter  with  the  next ;  and  with  the  needle  telegraphs  a  beat 
more  is  made  by  the  hack  current  than  intended,  with  every  letter 
formed.  On  this  account,  and  owing  to  the  decay  of  both  gutta 
percha  and  inclia  rubber  with  which  the  wires  must  be  covered, 
underground  wires  are  now  used  as  little  as  possible.  The  Mag- 
netic Telegraph  Company  have,  however,  adopted  the  system  to  a 
considerable  extent. 
The  plan  adopted  by  Messrs.  Bright  was  to  disconnect  the  in- 
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rfbtfanL  so  a*  to  be  ia  the 
kfe  front  the  ■  ■  iili  ends  of  tb*  Boe. 
a*  was  aim  axtrodered.  aaraaj  far  it* 
:  i.  The  ofrriatxag-  the  effect*  of  the 
caartaaaaJK  a—  llueaaa  aekarraaj 
latin  el  ilia i  ifi  mi.  anl  ■  ■iih  aula i  ftnaa  mialiiai  uf  d  nuihiil 
dariag  aarom  batealea  aad  other  atagoepheric 
(60) ;  aad  x.  The  eeatrafirhar  ear  excess 
that  might  he  1  agnail  nil  ia  the  betas  of 
1  coils  by  the  recoil  carreat.  Hi*  exeeaa  ranee  with  the  length 
the  circait  worked,  aad  leanire*  a  amuUad  compensation  to  be 
The  appeal oj  consists  of  a  permanent  magnet  of 
greater  strength  than  the  magnet  within  the  boras  of  the 
enQa,  fixed  apon  an  axis  at  Rich  a  distance  from  the 
pole  of  the  indicating  needle,  that  the  poles  of  the  com- 
magnet  may  be  made  to  describe  a  circle  intersecting 
the  lower  pole  of  the  indicating  magnet,  but  being  in  a  plane 
aligbtly  removed  from  it,  so  as  not  to  actually  come  into  contact. 
iy  an  external  regulator  the  compensating  magnet  can  be  adjusted 
that  the  influence  of  either  of  its  poles  can  be  brought  to 
exercise  a  definite  influence  of  attraction  or  repulsion  upon  the 
receiving  magnet,  and  upon  the  soft  iron  horns  of  the  coils  by 
which  it  is  moved,  and  thus  to  negative  an  excess  of  polarity  in 
either  direction.  Since  this  contrivance  was  adopted,  not  the  least 
inconvenience  has  been  suffered  from  the  greatest  electro-terres- 
trial disturbances,  even  when  to  such  an  extent  as  to  deflect  a 
galvanometer  needle  at  right  angles;  nor  does  the  strongest  return 
current  from  the  most  extended  circuit  impede  in  the  least  the 
efficient  transmission  of  signals. 

The  magnetic  telegraph  as  thus  improved  is  shown  in  Fig.  334. 
a  a  compound  horseshoe  magnets,  fanned  of  steel  plate*  screwed  together; 
bli  induction  coili  attached  to  axles  moved  by  the  handles  ce;  one  of  the 
wires  terminating  each  pair  of  induction  coils  is  connected  with  an  insulated 
metallic  cam  ;  the  other  end  of  each  pair  of  coils  is  conducted  directly  to  t  lie 
earth;  ec  the  metallic  cum*;  which  are  insulnted  from  the  axles  to  which 
they  are  attached  by  ivory  plates;  //  two  springs  connected  with  the  line 
•wire,  and  resting  against  the  screws  of  the  bearings  gij;  gg  two  bearings  or 
idge  pieces  in  connection  with  the.  indicating  portion  of  the  instrument; 
tiie  outside  of  the  dial ;  it  the  indicating  needles  moved  by  the  magnetic 
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needles  inside  the  same  axles;  rx  thumb-screws,  by  which  the  rangnet 
regulators  are  adjusted;  zzzz  adjusting  pins  between  which  the  needier 
beat. 

The  internal  arrangement  of  the  indicating  apparatus  is  not 
shown  in  the  figure.  When  lit  rest  the  spring/ is  in  contact  with 
the  bridge  piece  g,  and  the  line  wire  is  in  direct  communication 
with  the  indicating  part  of  the  instrument,  and  the  electric  current? 
front  other  stations  pass  from  the  line  wire  through  the  indicating 
<:riiU?r  And  thence  to  the  earth,  producing  in  their  passage  the 
required  signals.  When,  however,  the  handle  is  depressed,  the 
metallic  cam  or  stud  attached  to  the  axle  presses  the  spring  away 


Fig.  m 


V 


/-- 


from  the  bearing  ij,  and  the  current  of  magneto-electricity  produced 
in  the  induction  coih?  by  their  change  in  position  as  regards  the 
pole  of  the  permanent  magnet  passes  direct  to  the  line  wire.  This 
current  deflects  the  needles  of  other  stations  from  zero.  Directly 
the  downward  motion  of  the  handle  is  arrested,  and  during  its 
return  to  its  original  position,  a  current  in  the  opposite  direction  is 
induced,  and  flows  through  the  line  wire,  bringing  the  indicating 
needle  of  the  other  stations  back  to  zero,  but  not  affecting  its  own 
indicating  apparatus,  owing  to  the  connection  between  the  spring 
and  the  bearing  being  still  incomplete.  The  moment  the  spring 
again  in  contact  with  the  bridge  piece,  on  the  cam  setting  it  at 
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liberty,  the  line  wire,  in  which  a  portion  of  the  last  current  has  beeu 
fixed  u  it  were  in ,tratmtut  seeks  to  regain  its  equilibrium,  rind 
the  recoil  current  passes  through  the  indicating  portion  cf  the 
instrument  (now  in  circuit  again),  and  bolda  the  needle*  to  zero, 
in  the  proper  position  to  be  actuated  by  currents  from  the  other 
stations. 

(iai)  Ttoe  Acoustic  Telegraph. — Under  the  ordinary  system 
of  telegraphing  it  h  necessary  to  employ  a  transcriber  to  write 
down  the  words  as  interpreted  from  the  "visual  signals,  and  dictated 
to  him  by  the  receiving  operator,  whose  eyes  being  fixed  on  the 
rapidly-moving  needles,  could  not  be  engaged  in  conjunction  with 
his  hands  in  writing.  An  instrument  by  which  the  manifestations 
of  the  current  nre  transferred  from  the  eye  to  the  ear  was  invented 
by  Messrs.  Bright.     The  apparatus  is  shown  in  Figs,  335  and  336. 

a  the  bell;  b  tbe  hammer;  U  the  muffler  to  deaden  the  sound  and  stop 
the  vibration  after  each  stroke^  c  the  contact  maker  anil  breaker,  by  which 


PI*?-  US- 
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the  local  battery  is  put  on  and 
shut  oft';  ee  (Fig.  336)  theeli 
magnetic,  coils  through  which  the 
local  current  is  passed,  and  which 
actuates  the  magnet  1,  from  the 
axle  of  which  extend  nrms  bearing 
tbe  hammer  and  muffler  b  W ;  di 
fixed  muffler. 

There  are  usually  a  pair  of  these  bells  together,  one  bell  di : 
ing  half  an  octave  in  tone  from  the  other,  fixed  to  a  wooden  parti- 
tion, one  on  tbe  one  side,  and  the  other  on  the  other  side  of  tin- 
operator.  From  the  number  of  beats  and  the  difference  in  tone 
letters  and  words  are  formed  in  the  same  manner  as  with  the 
needle  telegraph. 
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(113)  Dial  or  step-by-Btep  Telegraph*,— These  instruments 

directly  communicate  the  words  spelt  in  usual  letters,  each  of 
which  instead  of  being  produced  by  a  certain  constant  group  or 
mi -cession  of  currents,  requires  as  many  shocks  or  currents  for  its 
production  as  there  are  letters  on  the  dial  following  that  by  which 
it  was  preceded.  They  are  valuable  from  their  not  requiring  any 
special  training  in  the  operator,  a  very  little  practice  enabling  any 
one  to  send  or.  receive  a  despatch  by  their  means.  Several 
excellent  .instruments  of  this  class,  worked  by  magneto-electric 
currents,  and  mostly  modifications  of  the  first  form  invented  by 
Wheatstone  in  184.0,  were  shown  at  the  International  Exhibition 
of  1862  (see  Jurorx'  Report). 

Henley's  dial  telegraph  is  shown  in  Fig,  337  : — 

The  horizontal  dial  carrying  the  letters  is  supported  above  the  base-board 
of  the  instrument  by  a  vertical  rod,  which  passes  through  the  hollow  axis  x 


Fig-  137- 
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of  the  brass  wheels  w  vv'.  The  handle  d  is  also  attached  to  x  by  an  arm 
underneath  the  dial,  so  that  as  the  handle  is  moved  round  the  dial,  thu 
is  heels  move  with  it:  c  is  a  compound  horseshoe  magnet;  its  power  (de- 
pending chiefly  on  the  number  of  lamina;  or  plates)  is  suited  to  the  elec- 
trical resistance  of  the  particular  circuit  through  which  it  is  intended  tu 
work:  D  is  an  electro-magnet,  the  core  being  in  the  form  0/  a  horseshoe, 

a  u 
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and  the  pole*  being  vertically  Above  one  another,  and  between  the  two  pok* 
of  the  permanent  magnet. 

On  the  circumference  of  each  of  the  wheel*  w  w'  are  secured  thirteen  pieces 
of  solt  iron,  a  a  a — a'  n  a,  of  such  a  size,  und  so  placed  with  respect  to  one 
Mather,  that  at  the  moment  when  a  it  opposite  to  the  north  pole  oftfcc 
permanent  magnet,  a'  is  opposite  to  the  south  pole ;  a  imparting  by  induction 
north  polarity  to  the  upper  end  of  the  electro-magnet,  while  a'  imparts  south 
polarity  to  the  lower  end.  A  reverse  action  takes  place  when  the  handle 
has  been  moved  through  the  twenty-sixth  part  of  the  circumference  of  the. 
circle  (corresponding  with  the  distance  between  the  ttvo  tetters).  A 
instant  of  each  reversal  of  the  pole  of  the  electro-magnet  effected  in  Ibis 
manner,  currents  of  electricity  in  alternate  directions  pass  through  its  coils. 

One  extremity  at  the  coil-wire  is  connected  with  the  earth,  the  other  wil  b 
the  coils  of  a  small  electro -magnet  (behind  the  receiving  dial  of  the  instru- 
ment), through  which  each  induced  current  passes,  then  traverses  the  line- 
wire  to  the  distant  instrument,  circulates  through  the  coils  of  the  electro- 
magnet of  its  receptor,  and  so  passes  to  the  earth  through  a  short  circuit 
formed  by  the  spring  i  and  a  screw  on  the  metal  plate  B,  These  touch  each 
other  only  when  the  handle  is  brought  to  zero,  a  roller,  r,  on  the  BjMrJBg 
passing  at  that  moment  into  a  notch  on  the  under-side  of  the  lower  wheel, 
nut  thns  allowing  « to  rise  and  come  into  contact  with  b.  The  object  of 
thin  is  to  cut  out  of  the  circuit  the  resistance  of  the  coils  on  the  large  electro- 
magnet, which  is  equal  to  several  miles  of  the  line  wire. 

The  alternating  currents  of  electricity,  thus  circulated  through 
the  coils  of  the  electro-magnet  of  the  receptor,  work  an  escapement 
in  the  following  manner: 

Pieces  of  soft  iron  are  fixed  on  the  poles  of  the  electro-magnet, 
forked   at  their  ends,   and  approaching  each  other  very  r]. 
The  lower  end  of  a  magnetic  needle  bangs  in  the  slot  so  formed  ; 
and  being  always  within  and  surrounded  by  the  soft  iron,  i 
acted  upon  much  more  powerfully  by  the  magnetic  force  than 
simply  vibrated  between   the   poles  of  the   electro-magnet.      Tli. 
other  end  of  the  needle  ia  formed    into   two  pallets,  which   In 
its  alternate  movement  act  on  inclined  teeth  on  the  opposite  aides 
«f  an  escapement  wheel,  the  teeth  being  cut  in  a  peculiar  way  *  I 
prevent  recoil.   The  small  index-hand  of  the  receptor  is  thus  made 
to  revolve  in  the  same  manner  tw  the  ft-fonda-hand  of  a  watch.     It 
is  thus  seen  that  the  movements  of  the  handle  d  will  be  bxh 
followed  by  the  small  index-hand  on  the  receiving  dial*  of  botll 
instruments,  whatever  letter  is  indicated  by  the  position  of  d  being 
also  pointed  out  by  the  index-hand  of  the  r<  and  thus 

messages  can  be  sent  and  received  by  any  person  after  a  little  prac- 
tice, without  the  knowledge  of  a  special  alphabet. 

The  spring  and  button  on  the  left  of  the  instrument  are  for 
setting  the  index-hand  of  the  receptor,  should  it  at  any  time  get 
wrong.  On  slightly  raising  the  spring,  the  circuit  is  broken  with 
the  coils,  so  that  D  can  be  moved  to  the  same  letter  on  the  It 
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dial  that  the  index  points  to  on  the  dial  of  the  receptor  without 
any  current  passing.  On  pressing  the  button  down,  a  short  circuit 
is  formed  between  the  two  outer  terminals  connected  with  the 
line  an  I  earth-wires,  bo  that  the  handle  D  on  the  large  dial  and 
llio  index  of  the  receiving  dial  will  be  moved  simultaneously  round 
to  zero,  without  affecting  the  distant  instrument. 

(224)    Frornent's    French    Alphabetic    Telegraph. — This 
elegant  apparatus  is  shown  in  Fig.  338.     There  are  twenty -eight 

Ffc.  118. 
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keys— twenty-six  representing  letters,  one  a  cross,  and  the  other  an 
jirrow.  liy  pressing  down  any  key,  its  corresponding  letter  is  shown 
on  the  dial,-  and  nt  the  same  time  on  the  dial  of  a  similar  apparatus 
at  the  distant  station.  Supposing,  for  example,  the  apparatus 
figured  in  the  text  to  be  at  Paris,  the  current  from  the  battery 
enters  the  apparatus  at  b  and  leaves  it  at  b'  \  it  proceeds  thqnce  to 
the  distant  station  (say  Rouen),  where  it  traverses  and  works  a 
precisely  similar  apparatus, 

11 1)  2 
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The  mechanism  of  the  internal  part  of  the  Apparatus  is  shown 
in  Figs.  339,  3+0,  and  341. 

Fig-  159  '8llu:  manipulator,  or  the  instrument  for  giving  signals j  Fij;. 
340  is  the  receiver.  Tho  current  from  the  battery  eaten  Ibrougb  A  (Fij.'. 
339),  passes  up  the  brass  spring  H,  which  ia  in  contact  with  liie  wheel  a,  sud 


Fip.   j,'/ 


rtg,  140. 


from  this  through  the  second  notched  spring  »,ont  by  the  wire  n,  and  on 
along  the  line-wire  to  the  telegraph  at  the  distant  station  ;  there  tho  current 
traverses  the  bobbin  of  an  electro-magnet  not  seo>n  in  Fig.  339,  but  exh 

separately  in  Fig.  341.     This  electro-mag- 
pig  M,_  net  is  fixed  horizontally  at  one  extremity, 

the -other  being  left  free  to  operate  on  the 
soft  rroh  armature  «,  which  forms  part  of 
a  bent  lever,  moveable  round  the  pin  0. 
The  lever  is  restored  to  a  vertical  position. 
when  I  ho  electro-magnet  is  no  longer  ac- 
tive, by  the  action  of  the  spring  r.  The 
moment  the  electrical  current  traverse* 
the  bobbin,  the  lever  at  c  is  attracted,  ant 
the  motion  is  imparted  to  a  second  lever 
«/,  through  tlie  shank  u  This  second  lever 
is  fixed  on  a  horizontal  axis,  and  ia 
united  to  1  he  lik  1.  When  the  current  it 
interrupted  the  spring  pulls  hack  the 
lever,  and  thus  a  step-by-step  movement 
is  given  to  the  fork,  which  it  transmits  to 
the  wheel  o  carrying  the  index. 

The  manner  in  which  the  battery-current  i-  interrupted  and 
renewed  will  be  understood  by  reference  to  Fig,  339.  The  wheel 
it  carries  twenty-six  teeth.  On  turning  it  by  the  button  p.  while 
the  plate  nr  i8  from  its  curved  form  in  constant  contact  with  the 
teeth,  the  plate  m,  being  crooked,  has  its  contact  broken  end 
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newed  every  time  it  passes  over  a  tooth,  and  at  the  same  time  the 
buttery-current  is  thrown  off"  and  on.  Suppose  the  pointer  p  is 
advanced  four  letters,  then  the  current  between  K  and  M  will  be 
four  times  made  and  four  times  broken,  and  the  armature  of  the 
electro -magnet  at  the  distant  station  will  be  four  fames  attracted 
and  four  times  pulled  back  by  its  spring ;  but  these  four  attractions 
will  give  four  movements  to  the  wheel  af  and  the  pointer  will 
paaa  over  the  same  number  of  letters  in  the  dial  of  the  receiver. 
Fig.  340,  as  in  that  of  the  manipulator,  Fig.  539.  At  the  top  of 
the  case  of  the  instrument  is  the  alarum,  wliich  is  worked  by  a 
special  electro -magnet 

Referring  now  to  Fig.  338,  a  series  of  twenty-eight  ivory  keys  is 
seen  in  front  of  the  apparatus ;  the  first  being  marked  with  a  cross, 
tin'  last  with  HO  arryw,  and  the  intermediate  twenty-six  with  the 
letters  of  the  alphabet — the  first  ten  letters  carrying  also  the  ten 
numerals.  Immediately  in  front  of  the  keys,  on  a  horizontal  plat- 
form of  mahogany,  is  the  dial  n,  and  two  small  metal  pieces,  m  «, 
which  are  moveable,  arid  wliich  by  means  of  n  handle  may  be 
brought  into  contact,  111  wiili  1  1  r,  and  n  with  qnrp.  The  dial  B 
is  the  verifier;  its  index  must  always  point  to  the  same  letter  as 
that  last  signalled ;  if  it  does  not,  it  shows  that  the  apparatus  is 
not  in  proper  working  order.  When  m  is  La  contact  with  *,  the 
apparatus  is  in  a  condition  to  send  signals  from  Paris  to  Kouen  ; 
when  in  contact  with  r,  it  is  in  a  condition  to  receive  a  signal  from 
Kouen  to  Paris.  In  like  manner,  when  n  is  in  contact  with  q  tin- 
alarum  may  be  sounded  at  Rouen  ;  when  in  contact  with  /*,  the 
machinery  is  in  a  state  to  receive  a  notice  from  Rouen. 

(225  )  Wbeatatone'ri  Universal  Dial  Telegrapn. — This  instru- 

nt,  which  is  extensively  used  in  the  metropolis  and  elsewhere, 

both  for  public  and  private  establishments,  consists  of  two  distinct 
parts — viz.,  the  '  oommmuoator,'  for  sending  the  message,  rind  the 
4  Ttidu'ritor,'  for  iv   string  the  wuite. 

The  communicator  (Fig-  341)  consists  of  a  small  box,  upon  the  upper 
«urface  of  which  is  a  fixed  dial,  having  its  circumference  divided  into  thirty 
equal  spaces,  marked  with  the  twenty-six  letters  of  the  alphabet,  the  three 
points  of  punctuation,  and  a  +,  with  an  inner  circle  marked  with  the  nine 
iligits  and  a  +,  this  series  being  repeated  twice,  A  hand  or  pointer  in  the 
•  -e ture  of  the  dial  is  made  to  rotate  by  mechanism,  and  points  severally,  at 
the  will  of  tlie  operator,  to  the  letters  or  figures  required  to  be  indicated. 
Round  the  circumference  of  this  lettered  disc  are  thirty  small  keys  or  but- 
tons, which  con  be  depressed  by  the  finger,  one  for  each  letter  or  sign. 

In  its  interior  construction,  the  box  contains  a  permanent  horseshoe  mag- 
net and  coil  apparatus  for  producing  the  necessary  magnetic  currents,  an 
exterior  handle,  as  revolution  by  the  hand,  or  other  means,  causes  nn  axis 
the  insirurncut  to  revolve.     Attached  to  this  axis  are  two  equal  arm.%  to 
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the  extremities  of  which,  fixed  perpendicularly,  are  two  cores  of  soft  iron 
wire.  Round  each  of  these  euros  of  aoft  iron  a  helix  of  line  insulated  a 
"kith  is  wound  in  a  continuous  length.  The  coils  and  armature  are  so 
arranged  upon  the  axis  as  to  be  in  dose  proximity  with  the  poles  of  the 
horseshoe  magnet,  so  that  at  every  revolution  of  the  axis  with  which  the 
handle  is  connected,  the  two  soft  iron  cores  of  the  coils  pass  over  the  poles 
Of  the  magnet,  and  become  temporary  magnets  by  induction ;  and,  ut  ill- 
moment  of  making  and  breaking  contact  with  the  pores  of  the  magnet,  in- 

Fig.  34*. 


duce  i  urrentaof  electricity,  moving  in  opposite  directions  through  the  wire 
of  the  coil*  if  the  circuit  be  complete.  This  temporary  magnetisation  of  the 
core*,  and  induced  currents,  taking  place  each  time  contact  is  made  and 
broken  during  the  revolution  with  the  poles  of  the  magnet,  a  succession  of 
currents  or  waves  of  electricity  may  be  obtained  by  the  continuous  re- 
tioiiM  of  the  handle  attached  to  the  axis  carrying  the  armature. 

The  mechanism  of  the  communicator  is  so  arranged  that  whin 
any  of  the  thirty  keys  round  the  dial  is  pressed  down  by  the  linger, 
that  kev  has  the  effect  of  cutting  off  the  passage  of  the  current  along 
the  line"  and  through  the  instrument,  and  of  making  a  short  circudl 
with  the  earth  so  long  as  it  remains  depressed.  When  any 
key  is  similarly  depressed,  a  simple  piece  of  mechanism  causes  the 
depression  of  this  key  to  elevate  the  former  key,  open  the  eh  it  il- 
eal circuit,  and  allow  the  induced  currents  derived  from  the  mag- 
net to  now  in  succession  through  the  instrument  and  along  tin- 
wire  to  the  distant  station,  until  they  are  again  interrupted  and 
passed  into  the  earth  by  the  depressed  key.  This  short  current 
contact  is  made  by  means  of  a  loose  carrier-arm  attached  to  the 
axis  which  carries  the  pointer  on  the  dial,  and  thrown  in  or  out  of 
gear  by  the  depression  or  elevation  of  the  key.  Motion  is  cmninu- 
nii  ated  to  this  axis  by  a  bevilled  wheel  working  into  a  pinion 
fixed  to  the  axis  earning  the  armnturesj  the  motion  being  so  ad- 
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justed  that  for  every  separate  current  induced  in  the  coils,  the 
hand  shall  move  one  space  or  letter  on  the  dial.  The  keys  there- 
fore, being  depressed  in  succession,  will  each  liberate  one  cm  in1 
or  thirty  distinct  currents,  during  an  entire  revolution  of  the  hnnd 
round  the  dial — fifteen  in  one  direction  and  fifteen  in  the  opposite 
direction. 

For  ever j  current  transmitted  (these  currents  being  in  succession 
iu  different  directions),  the  hnnd  of  the  communicator,  and  thosn 
of  the  indicators  at  the  near  and  distant  stations,  will  simul- 
taneously advance,  step  by  step,  until  the  letter  opposite  the  de- 
pressed key  is  reached  by  the  pointer.  The  instant  this  letter  is 
readied,  a  short  circuit  is  made  by  the  carrier ;  the  current  no 
longer  flows  through  tbe  telegraph  wire  and  the  indicators,  but 
passes  into  the  earth  until  another  key  is  depressed  aud  the  circuit 
is  again  opened,  and  so  on  in  succession  until  any  number  of  re- 
quired signals  or  letters  have  been  registered. 

The  indicator  (Fig.  345),  externally  in  appearance  something 
like  a  wateh,  is  placed  on  a  small  stand  in  any  convenient  position 
for  observing  the  dial.  The 

face  of  the  instrument  i6  pig,  j«- 

spaced  into  thirty  divisions 
like  the  communicator, 
with  its  double  circle  of 
letters  and  figures,  and  its 
moveable  hand  or  index. 
A  step-by-step  motion  is 
imparted  to  this  hand  by  -~-£2S3^j 

means  of  an  electro-mag- 
netic apparatus,  which  con- 
sists of  two  permanent 
magnetic  bars  or  needles 
fixed  to  an  axis,  and 
lying  parallel  between  two 

small  electro-magnetic  coils  with  soft  iron  cores.  These  electro- 
magnets are  so  arranged,  that  when  a  current  of  electricity  from 
the  communicator  passes  through  the  coils,  their  armatures  exer- 
cise a  mutual  attraction  and  repulsion  on  the  poles  or  extremities 
of  the  magnetic  needles,  the  effect  of  which  will  be  to  impart,  a 
backward-and-forward  motion  to  the  axis  carrying  the  magnetic 
bars.  Fixed  to  the  end  of  this  axis  is  a  short  vertical  arm,  carry- 
ing a  small  escapement- wheel  of  fifteen  teeth,  the  axis  of  which 
carries  the  pointer  on  the  dial,  and  to  which  a  step-by-Btep  motion 
is  imparted  by  the  rotation  of  the  escapement-wheel  working  to 
and  fro  against  fixed  stops  or  pin*. 
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To  work  this  telegraph,  a  single  insulated  wire  is  extended 
between  the  two  stations,  the  enda  of  which,  after  passing  thntfigb 
the  indicator  and  communicator  at  each  station,  complete  the 
circuit  by  connection  with  the  earth,  either  by  contact  with  the 
waterpipes  of  the  establishment,  or  else  attached  to  a  plate  of 
copper  buried  for  the  purpose.  The  stand  of  the  indicator  is 
furnished  with  a  lever  turnplnte,  by  which  the  ntjirum  a,  for 
calling  attention,  or  the  telegraph  t,  can  he  thrown  it 
according  as  the  lever  is  turned  to  a  or  to  t  (Fig.  54.3)1 

Whenever  the  telegraph  is  not  in  use,  the  alarums  at  each  end 
should  be  placed  in  circuit,  so  that  on  turning  the  handle  of  the 
communicator,  and  depressing  a  key,  the  first  currents  transmitted 
through  the  circuit  will  cause  the  bells  at  both  ends  of  the  line 
instantly  to  sound,  and  call  the  attention  of  the  clerk  or  operator 
at  the  distant  station,  who  immediately  signifies  hia  presence  at 
the  instrument  to  the  sender  by  turning  the  handle  of  his  commu- 
nicator, depressing  a  key,  and  ringing  both  hell9  a  second  time.  Both 
sender  and.  receiver  now  throw  the  telegraph  t  into  circuit,  taking 
care  to  observe  fhat  the  hands  of  both  the  communicator  and  indi- 
cator stand  respectively  at  the  -j-  marked  on  the  dials,  and  which 
is  necessary  to  insure  the  correspondence  of  the  letters  about  to  be 
transmitted  at  both  stations.  The  sender  spells  out  his  message 
by  depressing,  in  succession,  with  his  left  hand,  each  key  of  his 
communicator  corresponding  with  the  required  letters,  while  he 
steadily  tumB  the  handle  of  his  instrument  with  his  right  hand. 
The  pointer  of  his  indicator  will  also  turn  in  succession  to  em 
these  letters,  and  pause  until  the  nest  letter  or  key  ia  depressed. 
The  hand  of  the  indicator  of  the  receiver  of  the  message  at  the 
distant  station  will  also  point  to  the  same  letter,  spelling  out  the 
word  required,  the  receipt  of  which  he  acknowledges  by  turning 
the  handle  of  his  communicator,  depressing  the  key  opposite- the 
+,  and  causing  the  hands  of  both  indicators  to  pass  through  a 
complete  revolution.  If  <tny  letter  or  sign  in  spelling  a  word 
requires  to  be  repeated  in  succession,  it  is  only  necessary  to  de- 
press for  an  instant  the  preceding  key,  and  then  to  depress  thttt 
opposite  the  letter  to  be  repeated,  before  the  pointer  of  the  com- 
municator in  its  revolution  has  reached  the  letter. 

For  connecting  up  the  instruments  the  following  rules  are  to  be 
observed : — 

r.  The  instruments  at  each  station  should  first  be  placed  in  short  circuit  ns 
shown  in  Fig.  344.  Short  wires  are  placed  upon  the  terminals  from  ate  1 
from  d  to/,  the  switch  x  being  turned  to  point  to  the  letter  t.     The  handle  7. 
of  the  communicator  is  then  U>  he  turned  steadily,  at  the  rate  of  about  120 
revolutions  per  minute,  and  the  index  or  pointer  passed  from  +  to  ■+  uu  the 
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dial  by  depressing  the  finger-key  opposite  the  fall-stop  (.),  and  the  key 
opposite  the  +  immediately  afterwards.  If  the  index  of  both  communicator 
and  indicator  correspond,  the  connections  will  be  right;  but  should  the 
hand  of  the  '  indicator '  be  either  in  advance  or  behind  the  +  one  space,  the 
connecting  wires  must  be  reversed,  a  being  joined  up  to/,  and  d  to  « ;  the  in- 
struments will  now  be  found  to  correspond  in  the  revolution  of  their  pointers 
round  the  dials. 


2.  The  instruments  being  in  working  order,  the  line  wire  is  connected 
to  the  instruments  by  removing  one  of  the  short  wires  at  each  station,  and 
substituting  the  line- wire  and  earth -wire,  as  shown  at  o  e  and  bf,  Fig.  345. 
The  same  signal  of  passing  the  pointer  from  +  to  +,  is  now  to  be  sent  from 
station  to  station ;  and  if  the  index  at  the  other  station  falls  either  one  in 
advance  or  behind  the  position  of  the  line  and  earth,  wires  at  one  station  only 
must  be  reversed. 

.3.  When  more  than  two  stations  require  to  be  connected  up  in  the  same 
circuit,  the  above  rules  are  to  be  observed  with  reference  to  the  signals  from 
+  to  +  at  each  successive  station,  the  connection  appearing  thus  (Fig-  346) : — 


C 
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4.  When  several  stations  are  in  the  same  circuit,  it  will  often  be  found 
convenient  to  introduce  the  current-changer,  enabling  the  operator  to  send 
up  and  down  the  line  in  either  direction,  without  interrupting  the  communi  • 
cation  of  those  stations  situated  in  un  opposite  direction  to  that  in  which  he 
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it  speaking.  The  manner  of  connection  will  be  seen  by  reference  to  Fig. 
347.  Thin  arrangement  will  enable  several  stations  to  communicate  with 
each  other  at  the  same  time — 

a b e d e f o *. 

For  instance,  while  a  is  apeaking  to  b,  e  can  talk  to  d,  «  with  /,  and  so  on. 
This  system  requires  that  each  station  has  its  own  signal  or  prefix  for  calling 
attention,  and  that  when  no  station  is  called,  either  u|>  or  down  the  line,  the 
handle  of  the  current- changer  remains  on  the  through  circuit,  as  shown  in 
the  figure :  — 

Fig-  J47. 


tnaiuo»  emeuiT. 


The  Universal  Telegraph  being  intended  for  the  use  of  private 

individuals,  a  large  number  of  conductors  are  required  ;  and  the 

method  by  which  these  have  been  provided  by  Wbeatetone  is 

cheap,  novel,  and  entirely  successful. 

The  following  is  a  general  outline  of  the  system  : — 

In  place  of  the  thick  iron  conducting-wire  in  ordinary  use,  fine  copper 
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wire  (No.  2a  gunge)  is  employed,  carefully  insulated  over  its  entire  length 
with  a  thin  coating  of  india-rubber,  und  further  protected  Ironi  Abrasion  by 
a  covering  of  tarred  tape,  thus  per- 
fectly insulated  from  011a  another. 
The  conductor*  are  afterwards  com- 
bined into  rope*  of  about  two  hun- 
dred and  thirty  yards  in  length,  con- 
taining twealy,  thirty,  fifty,  or  one 
hundred  wires,  according  to  the  re 
ijuirements  of  the  district  through 
which  they  are  intended  to  pass. 

In  connecting  together  all  parts  of 
the  town,  a  system  of  triangulation  is 
ndepted,  the  town  being  hereby  di- 
vided into  a  scries  of  triangles  as 
nearly  equilateral  as  possible,  with 
sides  about  n  mile  in  length.  At  each 
mile  or  intersection  of  the  triangles, 
draw-posts  tilled  with  connecting 
boxes  are  placed,  for  the  purpose  of 
receiving  the  several  cables  a,  b,  c,  d, 
k,  p,  coming  in  from  different  lines,  ns 
represented  in  Fig.  348,  which  shows 
the  head  or  straining  apparatus  of  one 
of  these  posts. 

The  ends  of  these  cables  are  curried 
down  the  post  into  the  connecting  box, 
which  consists  of  a  cast-iron  frame  and 
lid  about  three  fact  long  by  two  feet 
broad,  and  four  inches  in  depth;  the 
interior  of  which  is  tilled  with  insulat- 
ing slips  of  ebonite,  A,  n,  c,  d,  e,  f, 
l'B-  149  corresponding  in  number  to 
that  of  the  cables  coming  into  the  box. 
Each  ebonite  slip  is  also  furnished  with 
a  scries  of  small  screw  terminals,  num- 
bered consecutively  i,  a,  3,  4,  5,  &c, 
to  rrceive  the  several  insuluted  wires 
of  ihe  rope  which  it  represents.  These 
wires  are  severally  attached  to  the 
screws  of  each  slip,  and  by  means  of 
cross  connections  can  therefotebe  com- 
bined together  in  any  desired  direc- 
tion ;  andaa  each  wire  receives  the  same 
numerical  value  at  each  connecting 
station  throughout  the  whole  line,  great 
facility  is  given  for  reference  in  cases 
of  accident,  alteration,  or  connection. 

To  prevent  any  injury  arising  to  the 
insulated  cable  from  stretching,  it  is  suspended  by  light  hooks,  u  (Fig.  350). 
from  two  strong  stranded  iron  wires,  placed  parallel  at  a  distance  of  Lnvlve 
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inches,  and  which  p*&i  from  pimt  to  post,  fixed  at  intervals  of  about    two 
hundred  yards  on  lh<  rooft  -.1  the  houses.    These  posts  (Fig.  351 


E«*-  |S»- 
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fitted  with  «  straining  apparatus,  every 
aeparate  length  of  wire  being  strained  in- 
dependent of  the  other;  so  that  in  fast-  of 
fracture  of  one  of  the  suspending  wire. 
by  contraction  during  frost  or  other  cause, 
the  cable  remains  supported  uninjured  br 
the  other  wire. 

The  insulated  cable  being  suspended 
from  uncovered  iron  wires  in  immediate 
contact  with  the  iron  .supporting  pottf* 
which,  themselves  are  in  connection  with 
the  leads  and  piping  of  the  houses  upon 
which  they  stand,  lightning  cannot  pass 
through  the  insulated  wire  to  the  house 
in  which  it  is  introduced,  and  no  injury 
can  happen  to  the  instrument  from  a 
similar  cause:  the  network  of  the  sup- 
porting wires  will,  in  point  of  fact,  act  as 
an  extended  system  of"  lightniiu - 
ductors.  and  insure  the  safety  of  the  houses 
over  which  they  pass. 

At  each  of  the  supporting  posts  the  end* 
of  the  cable  ore  brought  down  to  small 
testing -boxes,  and  the  several  wires  se- 
parated and  passed  through  little  ranali 
of  ebonite  (Fig.  351),  numbered  con- 
secutively to  correspond  with  those  of  the 
terminal  screws  in  the  corresponding  slips 
of  the  connecting  boxes  at  the  draw -posts. 
By  these  means  a  communication  with  the 
wires  can  he  opened  at  any  point 
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the  line,  and  private  wires  carried  down  from  the  nearest  post  to  tlie  house 
ur  premises  required  lr>  be  placed  in  communication,  if  any  accident 
happen*  to  any  partieulir  wire,  it  can  be  discovered  where  the  fault  lies 
by  testing  from  post  to  Mat. 

I  ■-:.'■  )  Automatic  System  for  the  Transmission  of  Tele- 
graphic Messages, — An  admirable  instrument  for  this  purpose 
baa  been  invented  by  Professor  Wheatstone.  It  in  thus  described 
by  him  (Comjttes  Rendw  of  the  Paris  Academy  of  Sciences-,  and 
Jurors'  Report,  International  Exhibition  of  1861J  : — 

'  Long  strips  of  paper  are  perforated  by  a  machine,  constructed  for  the 
purpose,  with  apertures  grouped  to  represent  the  letters  of  the  alphabet  and 
other  signs.  A  atrip  thus  prepared  is  placed  in  an  instrument  associated 
with  a  source  of  electric  power,  which  on  being  set  in  motion  moves  it  along, 
and  causes  it  to  act  on4wo  pins,  in  such  a  manner  that  when  one  of  them  is 
elevated,  the  current  is  transmitted  to  the  telegraphic  circuit  in  one  direction, 
and  when  the  other  is  elevated  it  is  transmitted  in  the  reverse  direction. 
The  elevations  and  depressions  of  these  pins  are  governed  by  the  apertures 
and  intervening  intervals.  These  currents,  following  each  other  indifferently 
in  these  two  opposite  directions,  act  upon  a  writing  instrument  at  a  distant 
station,  in  such  a  manner  as  to  produce  corresponding  marks  on  a  slip  of 
paper  moved  by  appropriate  mechanism. 

1  The  first  apparatus  is  a  perforator  (Fig.  353),  an  instrument  for  piercing 
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the  slips  of  paper  with  the  apertures  in  the  order  required  to  form  the 
message.  The  slip  of  paper  passes  through  a  guiding  groove,  at  the  bottom 
nf  which  an  opening  is  made  sufficiently  large  to  admit  of  the  to-and»fro 
motion  of  the  upper  end  of  a  frame  containing  three  punches,  the  extremities 
of  which  are  in  the  same  transverse  line  Each  of  these  punches,  the  middle 
one  of  which  is  smaller  than  the  two  external  ones,  may  be  separately 
elevated  by  the  pressure  of  a  finger-key. 

'By  the  pressure  of  either  finger-key  simultaneously  with  the  elevation  of 
its  corresponding  punch,  in  order  to  perforate  the  paper,  two  different  move- 
ments are  successively  produced :  first,  the  raisi  ~g  of  a  slip  which  holds  the 
paper  firmly  in  its  position;  and  secondly,  the  advancing  motion  of  tin: 
frame  containing  the  three  punches,  by  which  the  punch  which  is  raised 
carries  the  slip  of  paper  forward  the  proper  distance.     During  the  reaction  of 
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the  key  consequent  on  ilie  removal  of  (he  pressure,  tlio  clip  first  fastens  I  lie 
paper,  and  then  the  frame  tails  bauk  lo  ila  normal  position.  The  two  ex- 
ternal keys  and  punches  ore  employed  to  make  the  holes,  which  grouped 
together  represent  letters  and  Oliver  characters,  mil  the  middle  punch  t<> 
make  holes  which  mark  the  intervals  between  the  letters.  The  perforations 
in  the  slip  of  paper  appear  thus  (Fig.  354).' 

P«g.  JS4- 


A  vnrv  pimple  addition  to  the  perforator  enables  a  printed 
iii'-;-s;t;r<"'  wliic-ii  has  been  received  to  lie  retransmitted  to  h  more 
distnnt.  station,  without  uy  translation  or  know  I  he  mean- 

ing of  the  message.  The  printed  bund  which  has  been  received  i- 
inode  to  pass  between  two  rollers,  one  of  which  is  moveable  by  a 
linger- screw,  so  as  to  cause  the  characters  to  pass  successively 
l>efore  the  eyes  of  the  operator.  The  keys  of  the  perforator  are 
acted  upon  with  the  right  hand,  and  the  finger-screw  with  the 
left;  as  the  characters  successively  appear,  the  keys  nre  pressed 
down  in  the  order  of  the  points  of  which  the  letters  consist,  an 
operation  which  requires  scarcely  any  skill  to  perform. 

There  ueed  he  no  change  in  the  alphabet  which  ib  at  present 
employed;  the  points  at  one  side  may  represent  the  short  da* 
and  those  at  the  other  side  the  long  dushe.-*,  their  order  remaining 
the  same  as  in  the  existing  system. 

Tie.  m. 
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1lir  currents  produced  by  the  rheomnlor,  in  the  order  and  direction  corre- 
sponding to  the  holes  perforated  in  the  slip.  This  it  effects  by  mechanism 
somewhat  similar  to  that  by  which  the  perforator  performs  its  functions. 

'  An  eccentric  produces  and  regulates  the  occurrence  of  three  distinct 
movements:— I.  The  to-and-fro  motion  of  a  small  frame,,  which  con- 
tains a  groove  filled  to  receive  the  slip  of  paper,  and  to  carry  it  forward  by 
its  advancing  motion ;  i.  The  elevation  and  depression  of  a  spring-clip,  which 
holds  the  slip  of  paper  firmly  during  the  receding  motion,  but  allows  it  bo 
move  freely  during  the  advancing  motion;  3.  The  simultaneous  elevation  of 
three  wires  placed  parallel  to  each  other,  resting  at  one  of  their  ends  over  the 
axis  of  the  eccentric,  and  their  free  ends  entering  corresponding  holes  in  the 
grooved  frame.  These  three  wires  are  not  fixed  to  the  axis  of  the  eccentric,  but 
each  end  of  them  rests  against  it  by  the  upward  pressure  of  a  spring;  so  that 
when  a  light  pressure  is  exerted  on  the  free  ends  of  either  of  toetn,  it  is 
capable  of  being  separately  depressed.  When  the  slip  of  paper  is  not  inserted, 
the  eccentric  is  in  action  ;  a  pin  attached  to  each  of  the  external  wires  touches, 
during  the  advancing  and  receding  motions  of  the  frame,  a  different  spring, 
and  an  arrangement  is  adopted,  by  means  of  insulation  and  contacts  properly 
applied,  by  which,  while  one  of  the  wires  is  elevated,  the  other  remains 
depressed;  the  current  passes  from  the  rheomotor  to  ihe  telegraphic  circuit 
in  one  direction,  and  passes  in  the  other  direction  when  the  wire  before  ele- 
vated is  depressed,  and  vice  versa  ;  hut  while  both  wires  are  simultaneously 
elevated  or  depressed,  the  passing  of  the  current  is  interrupted.  When  the 
prepared  slip  of  paper  is  inserted  in  the  groove,  and  moved  forward  when- 
ever the  end  of  one  of  the  wires  enters  an  aperture  in  its  corresponding  row, 
the  current  passes  in  one  direction ;  and  when  the  end  of  the  other  win- 
enters  an  aperture  of  the  other  row,  it  passes  in  the  other  direction.  liy 
this  means  the  currents  are  made  to  succeed  each  other  automatically  in  their 
proper  order  and  direction,  to  give  the  requisite  variety  of  signals.  The 
middle  wire  only  acts  as  a  guide  during  the  operation  of  the  current, 

'The  wheel  which  drives  the  eccentric  may  be  moved  by  the  hand,  or  by 
the  application  of  any  motive  power.  Where  the  movement  of  the  trans- 
Fig,  j  56. 


milter  is  effected  by  machinery,  any  number  may  be  attended  to  by  one  or 
two  assistants.    This  transmitter  requires  only  a  single  telegraphic  wire. 
•The  third  apparatus  is  the  recording  or  printing  apparatus  (Fig.  356"), 
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which  prints  or  impresses  legible  marks  on  a  strip  of  paper,  corresponding  in 
their  arrangement  with  the  apertures  in  the  perforated  paper.  The  pens  or 
styles  are  elevated  or  depressed  by  their  connection  with  the  moving  parts 
of  the  electro-magnets.  The  pens  are  entirely  independent  of  each  other  in 
their  action,  and  are  so  arranged  that  when  the  current  passes  through  the 
coils  of  the  electro-magnet  in  one  direction,  one  of  the  pens  is  depressed,  and 
when  it  passes  in  the  contrary  direction  the  other  is  depressed ;  when  the 
currents  cease,  light  springs  restore  the  pens  to  their  elevated  points.' 

The  mode  of  supplying  the  pens  with  ink  is  the  following : — 
A  reservoir  about  an  eighth  of  an  inch  deep,  and  of  any  convenient  length 
and  breadth,  is  made  in  a  riece  of  metal,  the  interior  of  which  may  be  gilt, 
in  order  to  avoid  the  corrosive  action  of  the  ink;  at  the  bottom  of  this 
reservoir  are  two  holes,  sufficiently  small  to  prevent  by  capillary  attraction 
the  ink  from  flowing  through  them;  the  ends  of  the  pens  are  placed  imme- 
diately above  these  small  apertures,  which  they  enter,  when  the  electro- 
magnets act  upon  them,  carrying  with  them  a  sufficient  charge  of  ink  to  make 
a  legible  mark  on  a  ribbon  of  paper  passing  beneath  them.  The  motion  of  the 
paper  ribbon  is  produced  and  regulated  by  apparatus  similar  to  those  em- 
ployed in  other  register  and  printing  telegraphs. 

The  advantages  of  the  automatic  oyer  the  voluntary  system  are 
very  great.  No  practical  dexterity  on  the  part  of  the  voluntary 
operator  could  compete  in  rapidity  with  that  obtained  by  the 
automatic  process,  which  is  only  limited  by  the  rapidity  with 
which  the  recurring  motions  of  the  transmitter  can  be  effected. 
Moreover,  as  the  prepared  messages  may  be  transmitted  with  equal 
rapidity  in  whatever  language  the  cypher  may  be,  and  as  the  per- 
forated bands  may  be  prepared  at  leisure,  guarantees  of  accuracy 
are  obtained  which  cannot  be  afforded  by  the  system  of  immediate 
voluntary  transmission.  These  advantages  would  be  greatly  in- 
creased if  the  messages  could  be  prepared  by  the  correspondents 
themselves,  which  they  could  easily  be,  if  they  would  take  the 
trouble  of  learning  a  telegraphic  alphabet.  Thus  a  merchant's 
clerk  might  prepare  the  messages  of  the  firm  in  the  punched  paper 
required  for  Wheatstone's  transmitter:  this  prepared  paper,  on 
delivery  at  the  telegraph  office,  would  simply  have  to  be  passed 
through  the  machine  when  its  turn  arrived,  and  the  corresponding 
dotted  tape  received  at  the  distant  station  could  at  once  be 
addressed  and  be  delivered,  to  be  deciphered  by  the  receiver  at  his 
leisure. 
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The  Submarine  Cuble—  Shallow  Water  Cables— Deep-sea  Cables— The 
Conductor  of  lite  Submarine  Cable— The  Insulator— The  External  Pro- 
tection—The Electrical  Properties  of  the  Submarine  Cable— Retardation 
of  Signals — Velocity  of  Transmission  of  Electric  Signal!  through  Sub- 
marine Cables— Researches  of  Clark  and  Hughes — Of  Jenkin  and  Varlev 

.Distribution    of   Electricity    in    Submarine   Cables — Testing    Cables 

Thomson's  Electrometer— Detection  of  Fuulta  in  Cables. 

(427)  Tlio  Submarine  Cable,  — 1.  Shnllow  Water  Cables. — Li 
184.0  Professor  Wheatatone  suggested  to  the  Select  Committee  of  the 
House  of  Commons  on  Railways, 
the  construction  of  a  submarine 
telegraph  between  Dover  and 
Calais,  and  subsequently  further 
developed  his  plans ;  but  the 
first  efficient  submarine  telegraph 
which  was  actually  laid  down,  was 
the  line  between  Dover  and  Calais 
projected  by  Mr.  Brett,  and  com- 
pleted in  1 85 1  {Report  (if  the  Co?n- 
miitee  mi  Submarine  Telegraphs). 
This  line,  a  section  of  which  is 
shown  in  Fig.  357,  consisted  of 
four  copper  conducting  wires,  No. 
16  B.W.G.  (0065  inch  diameter), 

each  insulated  with  gutta-percha,  twisted  together  with  a  tarred- 
hemp  covering,  formed  into  a  rope,  which  was  again  served  with 
tarred  hemp,  and  protected  with  iron  wires  of  No.  1  guage.  This 
cable,  which  weighed  about  6  tons  to  the  statute  mile,  was  worked, 
with  occasional  injuries  from  anchors,  till  the  spring  of  1859,  when 
extensive  repairs  were  undertaken,  in  the  course  of  which  it  was 
found  that  the  gutta-percha  covering  of  the  copper  wires  was  in  m 
good  order  as  when  first  laid— so  complete  had  been  the  pro- 
tection afforded  by  the  tarred  hemp  and  the  immersion  in  water. 

In  1853  a  cable  with  six  conducting  wires,  insulated  by  a  double 
covering  of  gutta-percha,  was  laid  between  Dover  and  Ostend, 

HI 


Dover  and  Calais. 
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slinwii  in  section  in  Fig.  358,  very  similar  to  the  Dover  and  Paints 
cable,  and  weighing  7  ton.s  per  mile.  Shortly  after  a  cable,  25 
miles  long,  wm  laid  from  1  >  1  n  1 1 1  _rh ad e e  in  Ireland  to  Portpatrick  in 
Si  <.t land,  across  the  Irish  Channel  :  it3  weight  was  the  same  as 
that  of  the  Dover  and  Calais  cable  (Fig.  359).    The  Mediterranean 


Fig.  ,58. 
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Dover  and  Optra  d. 


DoimgliBdL'i?  and  Port  Vu 


Tig.  j6q. 


cable,  which  is  of  the  same  size  and  construction  as  the  latter,  was 
kid  in  185+,  from  Spezzin  to  Corsica,  a  distance  of  1 10  nnlea  In 
1858  a  line  was  laid  between  England  and  Hanover,  280  miles  in 
length,  containing  two  copper  strands,  and  weighing  3   tons  per 

mile.  Two  other  cables  were  laid  in 
1859— one  a  very  heavy  one,  bt ; 
Folkestone  and  Boulogne,  weighing 
9^  tons  per  mile,  containing  six  con- 
ducting strands  of  copper  wire,  in- 
sulated with  giitta-perelm  and  < 
terton's  compoiuidT  the  principal 
iiigredifiif  of  which  in  gotta-percha, 
with  sufficient  wood-tar  and  man 
to  give  it  the  proper  consistency; 
it  is  applied  by  passing  the  wire 
through  a  vessel  containing  it,  fitted 
with  proper  guages,  immediately  be- 
fore the  die  that  puts  on  the  gutta- 
percha; as  the  mixture  becomes  cold  it  hardens.  The  other 
cable  was  laid  between  England  and  Denmark  :  it  is  350  miles 
long,  weighs  4  tons  per  mile,  and  contains  three  conducting  strands 
(Fig.  360). 
In  the  hirst  four  lines  laid  down  by  the  Internatiemal  Telegraph 


England  and  Denmark. 
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Fig.  361. 


I  ''oinpnny  r  bet  wbbd  Qrfordnessand  the  Hague,  four  single  wires  were 
laid  in  four  separate  light  cables  (Fig.  3,61).  The  four  eablea 
were  all  united  to  a  large  and  very  heavy  cable  (Fig.  362)  for 
a  distance  Of  four  miles  from 
each  shore  where  ships  were 
thought  more  likely  to  drop  their 
anchors.  The  core  was  double- 
covered  gutta-percha  wire  wrap- 
ped with  tape  and  yarn,  extern- 
ally, und  covered  with  No.  8 
galvanized  iron  wire  laid  on 
»pi  rally.  These  lines  were  so 
frequently  damaged  accidentally, 
and  occasionally  wilfully,  that. 
their  repair  required  the  almost 
constant  services  of  a  vessel  and 
crew,  kept  for  the  purpose  ;  and, 
therefore,  to  put  an  end  to  so. 
ma  an  expenditure,  a  large 
cable  with  four  conducting  wires  has  been  laid  down  in  their 
stead. 


Qrfordness  and  Hague.    Hcep  so*. 


Fig.  ?6i. 


The  Channel  Islands 
telegraph  was  laid  from 
Portland  to  Alderney, 
Guernsey,  and  Jersey  in 
August  1858.  It  con- 
sists of  four  strands  of 
copper  wires  forming 
one  conductor,  covered 
with  gutta-percha,  and 
protected!  by  iron  wires, 
the  weight  being  about 
i$  tons  per  mile  ;  tbe 
length  is  93  miles,  and 
the  depth  of  the  water 
is  nowhere  greater  thtm 
60  fathoms.  In  the 
month  of  February 
1859,  this  cable  was 
broken    at    Jersey    by 

being  driven  against  the  rocks  in  a  violent  gale.  Another  accident 
occurred  to  it  eight  months  after  it  was  laid,  four  miles  from  the 
island  of  Portland,  where  the  tide  had  caused  it  to  work  upon  a 
ridge  of  rock  in  s  j  fathoms  of  water,  which  had  worn  it  through. 

ek  2 


Orfordneas  and  Hague.    Shore  end. 
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The  cable  laid  between  Singapore  and  Batavia  for  the  Dutch 
government,  which  weighed  ai  cwt.  per  mile,  is  similar  in  construc- 
tion to  the  Red  Sea  cable,  which  had  been  devised  for  a  deep-sea 
line ;  in  these  cables  the  interstices  between  the  wires  are  left 
vacant  The  Tasmanian  cable,  manufactured  by  Mr.  Henley,  and 
laid  across  Bass's  Straits  in  1859,  in  three  sections,  weighed  two 
tons  per  mile ;  one  section  failed,  and  had  to  be  replaced  by  a 
stronger  cable. 

The  above  are  shallow  water  cables. 

The  following  table  {Report  of  the  Committee  on  Submarine 
Telegraphs)  shows  that  up  to  April  1861,  3,19a  miles  of  such  lines 
had  been  laid,  the  whole  of  which  are  not,  however,  now  work- 
ing:— 

Shallow  Watbb  Cables. 


Length 

in 

Statute 

Miles 


Owner  of  Una 


Black  Sea,  Varna  to  Constantinople 
Black  Sea,  Varna  to  Balaklava 
Corsica  and  Sardinia     . 
Dacca,  Pegu  .        .        . 

Dover  and  Ostend . 

Dover  and  Calais  (Grisnez) 
Folkestone  and  Boulogne 
England  and  Hanover  . 
England  and  Denmark . 
England  to  Holland,  Orfordn  ess, ) 

and  Schevening  (four  lines)      j 
England  to  Holland,  Mismeer  to  ( 

Zandvoort ....       J 
Holyhead  to  Howth  (1854)  . 
Holvuead  to  Howth  (1854)  . 
Hurst  Castle  to  Isle  of  Wight 
Firth  of  Forth 

River  Tav      .... 
Holyhead  and  Howth  (185a) 

Portpatrick  and  Donaghadee 

Portpatrick  and  Whitehead  . 
Portpatrick  and  Whitehead  (1-852) 
Liverpool  to  Holyhead 
Majorca  to  Minorca 
Denmark  across  the  Belt 
Denmark  Great  Belt     . 
Sweden  to  Denmark      . 
Sweden  to  Gottland 


■  Carried  forward 


356 

11 

116 

80 

*S 

24 
280 
350 

IMft 

"84 
I36 

73 

73 

1 

5 
1 

73 
•*5 
26 
IS 
25 

33 
is 

28 


.  1 2,261 


Ottoman  Government. 
British  Government. 
French  Government. 
Indian  Government. 
<  Snbmarine  Telegraph  Com- 
I     pany 


{Electric  and  International 
Telegraph.  Company. 


R.  &  S.  Newall  &  Company. 
J  British  and  Irish  Magnetic 

\      Company. 


Liverpool  Dock  Committee. 
Spanish  Government. 
Danish  Government, 


STATISTICS   OF   SHALLOW   WATER   CABLES. 


421 


Length 

In 
Stetctta 

Miles 

Owner  of  Line 

Brought  forward      .        . 
Singapore  to  Data  via     .        . 
Tasmanian,  Bass'.*  Straits      ■         . 
Prince  Kdward'g  Island  to  New| 
Brunswick.         ■        a        «       J 

Whitehaven  and  Isle  of  Man 

Weymouth  to  Alderney,  Guern- ) 
aey,  and  Jersey                          J 

2,26l 

240 

12 

93 

Dutch  Government, 
Australian  Government, 

w               n 

f  Isle  of  Man  Electric  Tele- 
\    graph  Company. 

3.192 

1.  Statistic*  of  Shallow  Water  Cables. — (Fkeming  Jeitkiii,  Cantor 
Lectures.) — The  total  failure  of  all  kinds  in  shallow  water,  ex- 
cluding cables  which  have  no  proper  outer  iron  protection,  does 
not  amount  to  too  miles.  About  2.350  miles  have  been  laid, 
which  worked  for  some  time,  but  are  now  abandoned.  Of  these 
1,400  miles  weighed  less  than  one  ton  per  mile,  a  weight  which 
for  shallow  seas  is  now  known  to  be  altogether  insufficient — these 
worked  for  about  two  years  on  an  average,  950  miles  weighed 
more  than  one  ton,  but  not  more  than  two  tons  per  mile.  The 
average  life  of  these  cables  was  tire  years.  5,000  miles  are  now 
certainly  at  work,  possibly  more;  they  have  already  worked  on  an 
average  four  years  and  a  half ;  they  include  one  cable  which  has 
worked  for  fifteen  years,  and  several  are  thirteen  yean  old ;  but 
the  average  is  lowered  by  the  long  Malta,  Alexandria,  and  Persian 
Gulf  cables,  only  lately  laid.  Every  one  of  these  cables  except 
the  Malta- Alexandria  not  originally  designed  for  shallow  seas, 
weigh  more  than  two  tons  per  mile.  The  interruptions  on  the 
lighter  cables  are  somewhat  frequent  On  the  Malta-Alexandria 
they  have  averaged  four  days  per  100  miles  per  annum,  1 
this  is  not  worse  than  the  best  land  lines  in  India,  and  is  ten  times 
better  than  the  worst  laud  lines  in  LkIil 

2.  Deep  Sea  Cables. — In  1851  it  was  proposed  by  Mr.  Tihbet  of 
New  York,  and  Mr.  GiBbotiie,  an  English  engineer,  to  shorten  the 
communication  between  America  and  Europe,  by  making  St. 
John's,  Newfoundland,  a  port  of  call  for  Atlantic  .steamers,  and 
constructing  a  telegraph  from  thence  to  join  the  American  lines, 
and  they  obtained  an  Act  from  the  legislature  of  Newfoundland 
which  gave  them  the  necessary  powers,  but  being  unable  to  fulfil 
the  terms  of  the  Act,  they  transferred  their  interest  to  a  company 
which  was  called  the  New  Turk,  Xewfoimdlaml,  and  London  Tele- 
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graph  Company.  This  company  obtained  an  Act  of  Incorporation 
in  1854,  and  in  1856  another  company  was  formed,  which  entered 
into  an  arrangement  with  the  former  by  which  the  privilege  of 
laying  a  submarine  line  between  Europe  and  the  coast  of  New- 
foundland and  Labrador  was  transferred  to  them :  this  was  the 
Atlantic.  Telegraph  Company. 

Experiments  upon  forms  of  cable  best  suited  for  the  purpose, 

were  made  at  Messrs.  Glass  and  Elliot's  works.  The  form  selected, 

a  section  of  which  is  shown  in  Fig.  363,  was  calculated  to  bear 

three  tons.    It  consisted  of  a  strand  of  seven 

jig.  j6j.  copper  wires,  each  No.  22$  guag«>  weighing 

93  pounds  per  mile,'  covered- with  three  coats 

of  gutta-percha,  weighing  227  pounds  per  mile, 

served  with  threads  of  jute  yarn,  saturated 

with  a  composition  of  tar  and  other  materials, 

and  coated  with  18  strands  of  iron  wire,  each 

Section  of  Atlantic        strand  containing  seven  wires  each  of  No.  *» 

Cable,  1867.  guage.     The  manufacture  of  this  cable  was 

commenced  in  February  1857,  and  the  entire 

length  (2,500  miles)  was  finished  in  July  in  the  same  year.  -  The 

summer  having  been  very  hot,  and  the  cable  exposed,  it  became 

partially  injured.      A  considerable  variation  in  the  conductivity 

of  the  copper  wire  was  observed  during  the  process  of  testing. 

The  expedition  for  laying  this  cable  left  Valencia  on  the  7th  of 
August,  1857,  and  the  cable  continued  to  be  successfully  paid  out 
until  the  nth,  when  it  broke  in  2,000  fathoms  water,  after  about 
335  miles  had  been  laid.  The  dynamometer,  at  the  time  the  cable 
parted,  indicated  a  strain  of  35  cwt.  On  examination,  it.  was 
found  that  the  cable  was  injured  either  by  coiling  or  uncoiling,  or 
by  the  original  exposure  to  heat,  and  the  amount  of  leakage  was 
high. 

In  the  spring  of  1858,  two  unsuccessful  attempts  were  made  to 
lay  the  cable,  but  it  was  successfully  accomplished  in  the  summer 
of  the  same  year,  between  the  17th  of  July  and  the  5th  of  August. 
On  the  1st  of  September  intelligible  signals  ceased  to  be  received. 
•We  attribute  (Report  of  the  Government  Committee)  tbo  failure  of  the 
enterprise  to  the  original  design  of  the  cable  having  been  faulty,  owing  to 
the  absence  of  experimental  data ;  to  the  manufacture  having  been  con- 
ducted without  proper  supervision;  and  to  the  cable  not  having  been 
handled  after  manufacture  with  sufficient  care.  We  have  had  before  us 
samples  of  the  bad  joints  which  existed  in  the  cable  before  it  was  laid,  and 
we  cannot  bnt  observe  that  practical  men  ought  to  have  known  that  the 
cable  was  defective,  and  to  have  been  aware  of  the  locality  of  the  defects 
before  it  was  laid.' 

•.  The  Bed  Sea  and  India  .l&anvgia  Ctom^wKj  ^%s.  formed  in 
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Fig.  J&4- 


Section  of  Red  Sea 


1S57-S.     The  cable  consisted  of  a  etrand  of  copper  wires  (Fig. 

364.),  weighing  180  pounds  per  nautical  mile,  covered  with  two 

coats  of  gutta-percha,  alternated  with  two  coatings  of  Chatterton's 

compound,  weighing  aiz  lbs.  per  nautical  mile.     The  core  was 

served  with   hemp-yarn   tarred,   weighing    ii 

cwt.  per  nautical  mile,  protected  by  iron  wires 

weighing;   16  cwt,   pet  nuutical  mile.     This 

cable  had,  consequently,  the  largest  ooppei 

conductor,  and  the  best  insulation,  of  any  cable 

made  up  to  that  date.     The  whole  length  of 

the  line  is  3,04.3  nautical  miles.     The  cable 

was  laid  in  three  suctions :  the  first,  from  Suez 

to  Coesire,  155  nn.utii*nl  milea  in   length;  the 

Becond,    Cossire    to   Sankin,  476    miles ;    the 

third,  from  Sftoldh  to  Aden,  619  miles,    This  cable  worked  for  nine 

months,  and  then  failed  a    tern  days  before  a  second  section  was 

completed  from  Aden  to  India.     It  was  not  tested  under  water 

after  manufacture,  which  fact,  together  with   the  lightness  of  the 

protecting  iron  wires,  is  sufficient  to  account  for  its  failure  (Jurors' 

Ripurt). 

'No  electrical  test  will  show  the  presence  of  flaws  in  the  insulating  cover 
of  a  wire  unless  wider  or  some  other  conductor  enters  these  flaws  and  estab- 
lishes an  electrical  connection  between  the  outside  and  inside  of  the  cable. 
It  is  not  surprising  that  a  few  flaws  are  always  to  be  found  in  every  long 
cable.  It  cannot  be  expected  that  hundreds  of  miles  of  a  thin  soft  covering 
shall  either  be  made  perfect  in  tha  first  instance  or  remain  uninjured  while 
being  covered  with  iron  wire.  Whenever,  therefore,  a  long  wMa  has  been 
submerged  without  having  been  previously  tested  under  water,  defects  have 
generally  been  detected  shortly  after  submergence.  These  defects,  holes,  or 
flaws  have  then  been  too  often  subjected  to  the  action  of  powerful  batteries 
which,  by  the  heat  and  chemical  action  they  develop,  enlarge  the  fault  and 
cause  the  gradual  but  sure  destruction  of  the  cable.  The  other  cause  of 
failure,  namely,  the  small  size  of  the  wire  used  to  cover  the  cable,  is  curiously 
connected  with  the  omission  of  the  necessary  Lest  under  water.  Engineers 
were  afraid  to  keep  then  cabin  nnder  water  during  manufacture,  lest  the 
light  iron  wires  should  be  weakened  by  rust  and  break  during  submergence. 
They  were  kept  dry,  and  in  almost  every  instance  the  cables  m-re  submerged 
safely  and,  as  it  was  thought,  successful  I  y.  It  was  supposed  that  after  suh- 
mergence  the  iron  wires  might  rust  away  without  danger  to  the  core.  Pre- 
cisely the  contrary  has  occurred  ;  so  long  as  the  iron  wires  lasted  the  cables 
frequently  continued  to  work  in  spite  of  faults  in  the  insulating  cover,  hut 
gooner  or  later  the  iron  wires  of  all  these  light  cables  rusted  away  in  parts, 
and  as  soon  as  this  took  place,  they  one  and  all  broke  up  into  short 
sections. 

'  As  an  additional  security,  several  cables  are  protected  by  a  bituminous 
covering.  No  engineer  now  thinks  of  allowing  a  cable  to  be  laid  which  has 
mot  been  constantly  and  carefully  tested  under  water.* 
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In  1854  a  submarine  cable  with  six  conducting  wires  was  laid 

i'n>riL  Sjii'Z/in  In  <  nrsira,  nnil  10  the  following  v^sir,  kftei  two 
unsuccessful  attempts  by  Mr.  Brett,  Mr.  NewaU  laid  a  cable  -with 
four  conducting  wires,  and  -weighing  3  tons  per  mile,  between 
Cape  Spartivento  and  flona,  in  Algeria,  a  distance  of  115  miles, 
Tliis  has  since  failed.  Sections  of  this  cable  are  shown  in  ' 
365  and  366. 


Fip.  365. 


EJ 


Vie.  i«. 


Cape  Bpurtiventn  mull  Bona. 
Deep  mil. 


Cape  SpoxtWcnto  and  Bona. 
tikore  end. 


In  1857  the  Mediterranean  Extension  Company  laid  lines  from 
Cagliari  to  Malta,  and  from  Malta  to  Corfu.  The  line  consisted 
of  a  strand  of  copper  wires  forming  one  conductor,  covered  with 
gutta-percha,  and  protected  by  a  serving  of  tarred  yam  covered 
with  iron  wires.  The  cable  weighed  i&  cwt.  per  mile.  The  line 
from  Cagliari  to  Malta  worked  well  for  twelve  months,  when  a  fault 
occurred ;  this  fault  was  repaired,  and  the  line  worked  again  for 
several  weeks,  "when  it  again  failed,  and  has  not  since  been  re- 
stored. The  line  between  Malta  and  Corfu  is  laid  in  depths  ex- 
tending to  nearly  2,000  fathoms,  it  remained  in  good  working 
order  for  about  a  year  and  three  -quarters,  and  then  suddenly  broke 
down. 

Lines  between  the  Dardanelles,  Syra,  Candia,  and  Athene,  have 
been  laid  by  Mr.  NewaU:  bctwiH-n  Spnin,  Ma- 
jorca, and  Minorca,  by  the  Spanish  Govern- 
ment, manufactured  by  Mr.  Henley.  The  linn 
between  Toulon  and  Algiers  was  manufac- 
tured by  Messrs.  Glass  and  Elliot.  It  consists 
of  a  etrand  of  copper  wire,  weighing  400  lbs. 
per  mile,  covered  with  fonr  coats  of  gutta- 
percha, alternated  with  four  coats  of  < 
terton'a  compound,  also  weighing  400  lbs. 
per  mile,  served  with  tarred  rope,  and  pro- 
tected by  steel  wires,  covered  with  haniB 
to  prevent  their  corrosion.     The  diameter  of  the  complete  e 


Elg.  567. 


taction  of  Toulon 
iuid  Algiers  cable 
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is  o"8  inch.  The  core  of  the  Malta- Alexandria  cahle  (Figs.  368, 
369,  and  370),'  consists  of  a  strand  of  7  copper  wires,  weighing 
4.00  lbs.  per  nautical  mile,  covered  with  three  coatings  of  gutta- 
percha,, alternated  with  three  coutiuga  of  Chatterton'a  compound, 
also  weighing  +00  lbs.  per  nau- 
tical mile.  This  core  is  served  „  . 
with  hemp,  saturated  with  tar, 
and  covered  with  18  No.  11  iron 

Fig.  j68. 


M  al  t  a  •  A  lex  and  ria. 
Deep  sea. 


Mnlti-Alexandrls, 

feliore  end. 


Fig.  no. 


wires,  for  the  deep-water  portion,  the  shore  end  being  covered 
with  No.  o  iron  wires.  The  line,  ns  originally  devised,  was  to 
have  been  laid  for  300  miles  in  depths  of  from  1,500  to  1,500 
fathoms,  and  the  covering  for  this  portion  was  to  have  been  of 
steel  wires,  each  coated 
with  hemp.  When  the 
Gibraltar  line  was 
abandoned,  the  steel 
and  hemp  covering  was 
given  up,  and  the  iron 
covering  was  adopted 
Jbr  the  whole  cable.  The 
core  was  manufactured 
at  the  Gutta-percha 
Company's  Works  mid 
was  tested  in  water  upto 
a  pressure  of  600  lbs, 
per  square  inch,  the  air 
being  exhausted  from 
the     tank    before    the 

water  was  turned  in.     The  resistance  and  insulation  of  each  mile 
of  the  cable  were  noted,  and  a  careful  system  of  comparative  tests 
framed. 
The  Conductor  of  the  Atlantic  cable  of  1865  was  formed  of 


:v^x?vv 


Malta-Alexandria  Cable.    Longitudinal  view. 
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■even  copper  wires,  nix  round  <">ne  (Figs.  371  and  371) .  the  con- 
ducting power  of  the  wires  was  carefully  examined,    and 

lmviiiir  n   less   capacity  than   8; 
cent,    of  that  of  pure    copper   w*« 
used,    The  centre  wire  was  6 
vered  with   Chatterton's  compound 
so  thickly,  that  when  the  oth- 

forming  the  strand  were  laid 
spirally  round  it.  every  interatioe  be- 
came tilled,  and  air  excluded.  Tbfi 
core  thus  formed,  next  roc 
another  coating  of  Chattedon'a  com- 
pound, and  was  then  surrounded 
with  a  coating  of  the  purest  irutta- 
percha,  which  passed  round  it  in  a 
plastic  state  bj  means  of  a  very  ac- 
curate die,  and  sheathed  the  core  in  a  continuous  tube.  <  >v_r  this 
was  again  laid  another  coating  of  Chattertbn's  compound,  tothi,- 
succeeded  a  second  tube  of  gutta-percha,  then  another  coating  of 

Fig,  I;* 


Atlantic  Cubic,  i86j. 
Deep  hub- 
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it  remained  for  26  hours,  and  dining  the  time  it  was  constantly  sub- 
mitted to  electrical  testa.  Theperfect  character  of  the  insulation  hav- 
ing been  proved,  the  con.'  mU  run  fully  wrapped  with  jute,  w  liii-li 
had  been  submitted  to  the  action  of  catechu,  and  aa  fast  as  the 
wrapping  proceeded  it  was  coiled  in  water,  in  which,  not  only  at 
this  stage,  but  erer  afterwards,  till  dually  deposited  in  the  sea,  the 
cable  waa  Btowed.  The  wrapping  was  surrounded,  spirally,  by  ten 
wii-cs,  manufactured  from  homogeneous  iron,  each  separate  wire 
being  itself,  in  the  first  instance,  covered  with  tarred  Manilla  yarn, 
by  which  the  iron  was  protected,  and  the  specific  gravity  of  tin- 
mass  lessened. 

•  The  '  shore  end '  of  the  Atlantic  cable  was  the  largest  ever  con- 
structed. The  core  was  formed  by  the  main  cabie,  which  was 
wrapped  with  a  serving  trf  yarn  to  a  sizesufficn _- 11 1  in  receive  aroimd 
it  twelve  strands  of  iron  wire,  each  strand  being  composed  of  three 
galvanized  iron  wires,  each  nearly  a  quarter  of  an  inch  in  diameter. 
The  weight  of  the  completed  shore  cud  was  nearly  twenty  tons  to 
the  mile.  Its  diameter  is  2^  inches,  but  at  its  junction  with  lie 
main  cable,  it  is  made  to  taper  down  to  the  -i/.  1  1  the  latter 
gradual  diminution  in  diameter  extending  over  500  yards.  The 
shore  end  wns  laid  out  for  about  twenty-eight  miles  from  the 
Coast  lit'  Valentin,  island,  where  it  reached  water  to  the  depth  of 
100  fathoms.  From  Hope's  I  '1  intent,  Newfoundland,  about  eight 
miles  of  shore  cable  only  would  have  been  required.  The  weight 
of  the  deep-sea  cable,  according  to  tin-  company's  statetm ml,  in 
air,  was  35  cwt.  3  qrs.  per  nautical  mile  of  2,018  yards.  Its  weight 
in  water,  14  cwt.  to  each  nautical  mile,  being  only  a  fraction 
heavier  iu  that  nusdium  than  the  old  cable,  though  bearing  inure 
than  twice  the  strain,  that  is  to  say.  it  will  bear  its  own  weight  in 
eleven  miles  deep  of  water.  It*  breaking  strain  was  7  tons  1 5  cwt. 
The  length  of  cable  shipped  0x1  board  the  Great  Eastern  wa.- 
1,300  nautical  miles;  the  actual  distance  from  the  point  of  depar- 
ture, Valencia,  on  the,  west  coast  ot  Ireland,  to  the  point,  Henri's 
Content,  in  Trinity  Bay,  Newfoundland,  on  which  it  waa  to  have 
been  landed,  being  1,670  nautical  miles. 

As  the  cable  was  finished,  it  was  received  into  enormous  iron 
water-tanks,  constructed  for  the  purpose  at  the  works,  at  Hosden 
Wharf,  at  the  rate  of  about  80  miles  per  week.  Aa  the  tanks 
became  full,  their  contents  were  transferred  to  tanks  placed  on 
board  the  Amethyst  and  Iris,  by  which  vessels  they  were  con- 
veyed to  the  Great  Eastern.  The  great  steamship  was  fitted  up 
with  three  tanks  to  receive  the  cable,  one  situated  in  the 
hold,  51  feet  6  inches  diameter,  by  20  feet  6  inches  in  depth,  its 
capacity  being  for  693  miles  of  cable  :  oue  situated  nearly  amid- 
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ships,  58  feet  6  inches  broad,  and  10  feet  6  inches  deep,  holding' 
899  miles  of  cabh J;  and  one  situated  in  the  after  hold,  58  feet 
broad,  and  20  feet  6  inches  deep,  and  contained  898  miles;  these 
three  tanks  were,  therefore,  capable  of  containing*  in  all  2,4-90  miles 
of  cable. 

The  great  ship  commenced  paying-  out  the  cable  on  the  evening 
of  the  23rd  of  July,  1865,  At  3-15  a.m.,  on  the  morning  of  the 
24th,  when  84.  miles  of  cable  had  been  paid  out,  Thomson's  Marine 
Galvanometer  (146),  the  instrument  used  in  the  system  enij.il 
in  tasting1,  showed  a  serious  fault,  which,  discovered  at  9  A.M. 
mi  tits  25th,  was  found  to  have  arisen  from  a  piece  of  wire 
of  the  same  kind  as  that  used  in  the  protecting-  strands  of  the 
cable  itself  having  been  forced  through  the  outer  covering  of  the 
cable  into  the  gutta-percha  so  as  to  injure  the  insulation.  Measures 
were  at  once  taken  to  make  a  new  splice  and  joint,  the  cable  that 
had  been  picked  up  being  rejected,  as  a  good  deal  of  it  had  been 
strained  in  the  process.  After  a  detention  of  some  twelve  hours, 
the  paying  out  machinery  was  again  put  in  action,  but  not  more 
than  half  a  mile  had  been  paid  out  when  suddenly  all  communi- 
cation between  the  ship  and  the  shore  ceased  ;  no  fault  had,  how- 
ever, occurred,  the  interruption  in  the  signalling  In  mted 
for  by  the  electricians  by  the  supposition  that  the  order  of  the  tests 
had  become  deranged  whilst  the  splices  were  being  made  on 
board.  After  a  detention  of  37  hours,  the  operation  of  paying  out 
the  cable  was  resumed,  After  about  716  nautical  miles  hail  been 
paid  out,  '  dead  earth  '  was  found,  or,  in  other  words,  there  was  a 
complete  destruction  of  insulation,  and  an  uninterrupted  escaj' 
the  current  into  the  sea ;  the  injury  was  close  to  the  ship,  and 
proved  to  have  been  occasioned  by  a  piece  of  iron  wire,  '  bright  as 
if  cut  with  nippers  at  one  end,  and  broken  off  short  at  the  01 
driven  right  through  the  centre  of  the  coil  so  as  to  touch  the  inner 
wires;  this  wire  wits  found  to  have  the  same  thickness  fts  the  wire 
used  in  making  the  protecting  cover  of  the  cable. 

In  the  early  morning  of  August  2  (about  8  a.m.),  when  within 
a  few  miles  of  the  very  deepest  part  of  the  Atlantic  plateau, 
another  bad  fault  was  detected,  and  as  the  cable  was  being  slowly 
picked  up  it  parted,  in  latitude  510  25',  longitude  390  6',  1,062-4 
miles  from  VaJentia,  and  606-6  miles  from  Heart's  Content. 
Several  attempts  were  made  to  recover  the  cable,  but  without 
success  ;  and  at  the  present  moment  more  than  1,000  miles  of  it 
lie  dead  at  the  bottom  of  I  lie  Atlantic,  at  a  depth  of  upwards  of 
2,000  fathoms. 

The  following  is  a  tabular  statement  of  the  principal  deep-sea 
cables  that  had  been  Md  vvg  to  A^rv\  \*>(jv  .— 


Length 
in 

Miles 

Owner  of  Line 

At h flits  to  Syra  and  Scio        , 
Atlantic                            ,        , 
Barcelona  to  Mahon       .        , 

Corfu  and  Otranto 

Dardanelles  lo  Scio  and  Candia,! 
from  Scio  lo  Smyrna .         .       J 

Iviza  to  St.  Anlonia 

Iviza  to  Majorca    .... 

Newfoundland  and  Capo  Breton    . 

Red  Sea—                                     ") 
Suez-Cosaaire     .        .         494 
Cossaire-Suakin.        .         545 
Sunkm-Aden     .        ,         723  V 
Aden-Kooria  Mooria.         825 
Kooria  Mooria- Muscat       559 
Muscrtt-Kurrachee     .         553. 

Sardinia  and  Malta,  and  Malta  1 
and  Corfu  .        ,        .        .J 

Sicily  and  Malt*  .... 

Spezzia  and  Corsica       •         1 

Sardinia  and  Bona  (Cagliari  tol 
Galeta)               .        .        .      J 

Toulon  and  Algiers 

117 

2..300 

180 

60 

5*4 
76 
74 
85 

3499 

700 

70 
110 

i*5 

4  So 
8,290 

Greek  Government. 

AtlnnticTelegrapliCompany. 

Spanish  Government. 

f  Mediterranean  Extension 

(i      Telegraph  Company. 

Levant  Telegra  pli  Company. 

Spanish  Government. 

n                     w 

fRed  Sea  and  India  Tele- 
\     graph  Company, 

f  M  ed  it  err  a  nean  Tel  egraph 
I     Extension  Company. 

French  Government, 
n                   n 

Statistica  of  Deep-aea  Cables  —  (Jenkin,  Cantor  Lectures.)  — 
Excluding'  the  1,000  miles  in  abeyance  under  the  Atlantic,  and 
the  cable  lo&t  in  the  first  experimental  trips  in  the  Atlantic,  only 
some  500  or  600  miles  of  cable  have  been  lost  during  laying. 
About  9,000  miles  have  been  laid  and  worked  for  a  little  while, 
but  are  no  longer  working.  From  700  to  850  miles  are  now  at 
work,  but  much  of  this  ia  in  no  great  depth.  The  Barceloaa- 
Mahoa  cable,  believed  still  to  be  at  work,  although  faulty,  ia  in- 
cluded in  the  list.  There  is  but  one  quite  sound  cable  lying  at 
work  in  more  than  irooo  fathoms,  viz.,  that  between  Sardinia  and 
Sicily,  24,3  miles  long.  One  section  of  the  Malta- Alexandria  cable 
is  in  420  fathoms,  and  has  never  shown  any  deterioration.  Cables 
laid  in  less  than  1,000  fathoms,  would  now  hardly  be  considered 
as  deep-sea  cables,  but  formerly  a  depth  of  300  or  400  fathoms 
was  thought  sufficient  to  entitle  a  cable  to  be  put  in  this  class. 

A  cable  to  be  laid  in  a  deep  sea  must  of  course  be  strong  hatk 
absolutely,  and  relatively  to  its  weight  in  wateT-/\\.mAiaOD&Ni'£iv's 
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01  tin1  groal  lengths  required  cannot  be  conveni-mlly  carried:  it 
nin-t.  not  be  liable  to  stretch,  ami  it  must  coil  well,  and  h< 
out  easily.  The  lighter  forms  of  cable  used  first  for  deep  seas,  as 
for  example  the  Red  Sea  cubit;,  and  the  first  Atlantic,  were  gene- 
rally fiiciv'ssfully  laid,  but  were  not  permanently  successful,  com- 
munication generally  ending  within  a  year ;  the  principal  cmisa 
■  il'  liilluro  being  bad  gutta-percha  j pi nts,  bad  copper  joints,  injuri-s 
to  the  insulator  before  the  cable  was-  laid,  high  battery  power 
1  mi  ruing  small  faults  into  big  ones  and  eating  away  the  copper, 
and  lightning,  from  which  tin -y  were  often  unprotected. 

Among  the  proposed  forms  of  deep  -  may  bo  mentioned 


Fig-  m- 


Fig.  J74- 


Allan's,  shown  in  section  in  Fig.  373,  and  in  longitudinal  view  in 
1'ig-  374-     The  principal  feature  in  this  cable  is  the  absence  of  an 

outer  covering  of  wire,  the  irutta- 
Fig.  J75,  Fig.  576,  percha  -  covered      wire      being 

•  -  — v.  strengthened  by  a  layer  of  small 

f  \  steel  wires  round  the  copper  con- 

(      0.    ,1         duct  or,    which    is  0-114.  inch    in 
\.       y  diameter,  and  weighs  240  lbe.  per 

^— -""^  knot.     The    steel    wires,    19    in 

number,  are  0*02  inch  in  diron 
weighing  about  120  lbs.  per  knot.    Siemens" a  cable,  a  section  of  the 
copper  conducting  core  of  which  is  shown  in  Fig.  375,  a  section  of 


the  cable  itself  in  Fig,    376,  and  a  longitudinal  view  in  Fig.  577. 
In   tbia  cable   the  ioon  wV-^s  kei  ■  ».a\\\VV\A  ^ci^Owst^  »&d  another 
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material^  considered  more  durable,  is  substituted.  The  core  is  sur- 
rounded with  two  layers  of  hempen  strands  c  c  (Fig-,  377),  laid 
on  under  considerable  tension.     Three  or  more  strips  of  copper  or 

■  brass  a  g,  about  coi  inch  thick,  are  then  bound  round  these 
strands,  while  they  ore  still  stretched  by  the  tension ;  and  this 
copper  or  brass  sheathing  grips  the  hempen  corda  tightly,  bo  that 

■  tlu'V  cannot  contract  longitudinally  after  leaving  the  machine. 
By  this  construction,  a  cable  is  obtained  which  is  extremely  Kght 
and  strong  ;  thuB  a  cable  £  inch  diameter  bears  a  strain  of  15  cwt 
before  breaking,  and  stretches  only  o'8  per  cent,  its  length  under 
a  load  of  half  the  breaking  strain.  The  weight  of  the  copper  con- 
ductor of  this  cable  is  550  lbs.  per  knot,  the  diameter  of  the  core 
0*51  inch,  and  that  of  the  completed  cable  0-75  inch. 

As  a  protection  against  rust,  Chatterton  proposed  to  coyer  each 
of  the  outer  wires  separately  with  gutta- 
percha,    A  cable  of  this  make   is  shown  F'ff-  n8- 
in  section  in  Fig.  378,  with  strands  com- 
posed of  three  iron  wires  instead  of  single 
wires  in  the  sheath,  and  except  on  the  score      & 
nf  expense,  it  seems  well  adapted  to  the 
purpose.     It  has  been  proposed  also  to  pro- 
tect the  iron  wires  by  vulcanite   applied 
either  as  a  general  coating  or  to  each  wire 
separately,                                                                        Chattei-ton's  Cable. 

The  general  conclusions  arrived  at  by 
Fleeming  Jenkin  with  respect  to  submarine  cables  are  (Cantor 
Lectures)  : — 

'  That  in  shallow  seas,  by  laying  strong  and  heavy  cables,  we  can  insure 
anil  have  obtained,  success,  both  from  an  engineering  and  a  commercial 
point  of  view;  that  in  deep  seas  we  have  hitherto  failed,  but  that  success  is 
not  unattainable,  and  may  probably  be  reached  by  various  methods,  while 
in  shallow  seas,  where  repairs  are  possible,  cables  can  hardly  ever  be  laid 
too  heavy,  or  at  too  great  an  expense,  j  in  deep  seas,  where  repairs  will 
always  be  precarious,  they  can  hardly  be  laid  too  light  or  too  cheap.' 

(2.18)  The  Conductor  of  tbe  Submarine  Cable. — The  best 
material,  and  the  one  that  is  always  used,  is  copper.  Iron,  though 
cheap  and  strong,  has  so  low  a  conductivity  that  its  sectional  area 
must  be  increased  fire  or  six  times;  that  is,  five  or  six  times  the 
weight  of  material  has  to  he  employed  to  bring  its  conducting 
capability  up  to  that  of  copper.  But  the  conductivity  of  copper  is 
affected  in  a  surprising  manner  by  the  presence  of  foreign  sub- 
stances, as  is  shown  by  the  following  table  by  Dr.  ilatthiessen 
(Report  of  Hie  Submarine  Telegraph  Committee): — 


43* 


8UBMABINE   TELEGBAPHY. 


Conducting 

• 

Power  of? 

Tempera- 

BntaUnoet Alloyed  with  Pure  Copper 

Alloy,  Pore 

ture, 

Copper 

Centigrade 

being  100 

1 

Carbon — 

Copper  with  0-5   per  cent  of  carbon  . 
8ulphur— 

Copper  with  018  per  cent,  of  sulphur        . 
Pho$pnoru$ 

Copper  with    -13  per  cent  of  phosphorus  . 

77-87 
92-08 

18'jO 
IO*4 

70  34 
04-16 

20 -o 

w              '95             h                n 

22-1 

,  n           *  5               *                n             • 

7-52 

*7  5 

Arienic — 

Copper  with  traces  of  arsenic     .... 

60-08 

*97       \ 

„           2-8   per  cent  of  arsenic . 

»              5*4              n                  n      •          • 

13-66 
642 

m 

Zinc— 

Copper  with  traces  of  zinc 

8841 

19-0 

16-8 

„           1-6   per  cent  of  ainc 

79'37 

n             3"*              n              n           •          •          • 

59-23 

10-3 

Irtm — 

Copper  with    '4.8  per  cent  of  iron 

„          vi6         „          „ 

35-9* 

2801 

It*S 

13-1 

Tm— 

Copper  with  i*33  per  cent  of  tin        . 

5°  44 

16-8 

n             *5*            n              n 

3393 

171 

n             4*9              n              » 

2024 

>4*4 

Stfeer— 

Copper  with  1  *az  per  cent  of  silver  . 

90"34 
82-52 

207 

»          245         „              „      . 

197 

Gold— 

Copper  with  3-5    per  cent  of  gold     . 

■S7-94 

ifrl 

Aluminum — 

Copper  with  10  per  cent-  of  aluminum 

12-68 

140 

The  addition  of  a  small  quantity  of  lead,  or  of  tin  (o-i  per  cent.), 
to  copper  containing  suboxide  obtains  a  purer  metal,  and  conse- 
quently improves  its  conducting  power. 

Different  commercial  coppers  vary  also  greatly  in  their  conduct- 
ing power.    Thus  pure  copper  being  1 00,  Matthiessen  found- 
Spanish  (Rio  Tinto)  to  be  14*24  at  14  8°  cent 
Russian  .        .         .     59*34  »   127     „ 

Australian  .  .  .  8886  „  140  „ 
American  .  .  .  92-57  „  150  „ 
Bright  Copper  Wire  .  72*27  „  157  „ 
Tough  Copper       .       .    71 03  „  17-3    „ 

It  appears  from  this  table  that  Rio  Tinto  copper  possesses  no 
better  conducting  power  than  iron.  Of  the  various  impurities 
present  in  commercial  copers,  fae  &uta-&.vta  of  conner  appears  to 
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be  thft  most  injurious,  the  conducting  power  of  the  metal  being 
diminished  by  it  in  one  case  as  much  as  :8  per  cent.  There  is  no 
substance  which,  when  added  to  copper,  im-remM  itfl  conducting 
power,  and  it  is  scarcely  practicable  to  obtain  the  metal  perfei 
pure ;  nevertheless,  it  is  highly  important  that  the  best  and  purest 
should  be  used  in  submarine  cables,  An  increase  of  10  per  cent, 
in  the  conductivity  of  the  metallic  core  of  a  cable  ie  equivalent  to 
an  increase  of  10  per  cent,  in  the  number  of  messages  that  may  be 
transmitted  through  it  in  a  given  time.  The  conductor  of  a  cable 
is  not  usually  a  single  ho\id  wire,  but  a  strand  of  several  wires 
(from  three  to  seven).  This  entirely  removes  the  serious  delect  to 
which  a  solid  wire  would  be  liable,  that,  namely,  of  breaking  after 
being  bent  a  few  times;  and  as  conduction  taken  place  tbri-uirli 
the  mass,  and  not  along  the  surface,  a  strand  and  a  solid  wire  of 
equal  weights  are  equally  good  conductors.  The  joints  of  the  con- 
ductor are  made  by  soldering  together  two  tiled  and  fitted  ends  ; 
this  joint  is  wrapped  round  with  fine  copper  wire  to  strengthen  it, 
and  solder  is  again  run  round  this  wire  ;  a  second  wrapping  of  line 
copper  is  then  Applied  and  left  without  solder. 

When  the  current  I'nmi  the  battery  escapes  from  a  hole  in  the 
insulator  into  the  sea,  chenucal  action  is  set  up,  and  soluble  chlo- 
ride of  copper  is  formed;  the  metal  is  thus  gradually  eaten  away, 
and  metallic  continuity  interrupted.  The  current  from  the  nega- 
tive end  of  the  battery  tends  to  the  formation  at  the  fault,  of  the 
alkali  soda,  which  causes  a  greater  leakage  by  enlarging  the  hole 
in  the  gutta-percha.  Mr.  Yurley  has  proposed  to  maintain  the 
metallic  continuity  by  twisting  up  a  fine  platinum  wire  with  the 
copper  strands  of  long  cables. 

The  strength  of  a  gutta-percha  covered  wire  is  very  great. 
When  5  cwts.  were  hung  from  the  slender-looking  core  of  the  new 
Atlantic  cable,  it  stretched  some  10  per  cent.,  but  when  BttbaO- 
quently  examined,  the  copper  conductor  appeared  quite  undisturbed 
in  the  ceutre  of  the  gutta-percha,  which  exhibited  mi  Iran's  Ot 
injury  (JYmilwfaj  Jinkiti). 

The  conducting  power  of  the  copper  wire  intended  for  the  core 
of  the  cable  is  determined  by  means  ofWheatstone'B/)flm//<7f«/rfiHi 
or  bridge  (1 10),  with  which  measurements  can  be  made  without 
an  error  of  one  part  in  100,000,  and  the  resistance  of  all  wires  inay 
be  compared  with  a  common  unit ;  in  practice,  however,  it  is  con- 
venient to  be  able  to  calculate  beforehand  what  the  resistance  of 
a  given  wire  ought  to  be,  and  for  this  purpose  it  will  be  sutli- 
cient  to  know  the  resistance  of  some  one  wire  of  known  dimen- 
sions, the  resistance  of  all  other  wires  can  then  be  simply 
calculated,   since  that  resistance   is   directly  ^v«^«\I\u\«5A  \*s  ,ok« 


434 


8DBMAKINE    TELEGRAPHY. 


length,  and  inversely  proportional  to  the  section  of  the  'wire.  In 
the  following  table,  Dr.  Matthiessen  has  given  the  specific  resist- 
ance in  B  A  units  (114)  of  metals  and  alloys  at  o°  centigrade : — 

11*1 
llll 

<2  2? 


Same  of  Metal* 


o  g- 

- c 

■ajj 

Sis' 


Silver  annealed  .     . 
„      hard  ilrawn  . 

Copper  annealed 
.,        hard  drawn 

Gold  nri  11  foiled    .     . 
.,    hard  dmwn   . 

.\  I  iinmuiu  .1 1 1 ij--.i :■  ■> I 

Zinc  pressed  .     . 

I'lai iiium  annealed. 

Iruit  annealed     .     . 

Nickel  annealed.     . 

Tin  pressed    .    .    . 

Irfflt  prosed .    .    . 

Antimony  pressed  . 

Itisinulli  pressed     . 

Mercury  liquid 

Platinum  Silver  Alloy, 
hard 
used  for 
si  st  unc 

German  Silver,  hard  or  \ 
-iiih.mI,  ■*■!,  commonly  ( 
used  fur  resistance  t 
coils ) 

Gold  Silver  Alloy,  two  » 
parts  gold,  one  part  1 
silver,  hard  or  an-  ( 
nealed    .....  J 


f  liquid  .... 
m  Silver  Alloy,~j 
or  annealed,  f 
for  the  B  A  re-  f 
c«  units.    .    .  J 


02114 

02421 

02064 

02106 

05849 

05050 

o  06822 

057*0 

153* 

12415 

10785 

1-317 

3136 

3  3*4 

5°H 
18746 

4MJ 


2652 


2-391 


l68q 


01 
01 6K9 

01440 

o  1469 
04080 
04150 
005759 

03983 
2-464 
07522 
08666 

0-9]  84 
2-257 

2-3295 
2525 
13071 

2956 


r8  50 


1668 


9-936 
9151 

9  7'8 
9940 
12-52 

1274 
177a 
32-21 

S5"09 
5910 

8036 
1 1939 
21600 
7980 
6000 

14835 


117-31 


6610 


001937 
002103 
002057 
0-01104 
o 02650 
o 02697 
003751 
007144 
o  1 1 66 
o  1251 
o  1604 
o  1701 

01527 

ag" 

1-270 
03140 


02695 


01399 


0377 
0-388 
0365 

c/365 


0365 
0-387 
0389 

0154 

0-072 

0031 


0044 


0065 


The  following  is  an  example  of  the  use  of  this  table.  Let  it  be 
required  to  know  the  resistance  at  o°  of  a  conductor  of  pure 
hard  copper,  weighing  400  lbs.  per  knot.  This  is  equivalent  to 
460  grains  per  foot.  The  resistance  of  a  wire  weighing  one  grain 
per  foot  is  shown  by  the  table  to  be  0-2106,  therefore  the  resist- 
ance-of  a  foot  of  wire  weighing  460  grains  will  be 


o*2io6 
460 


but  the 


resistance  of  one  knot  will  be  6,087  times  that  of  one  foot,  hence  the 

resistance  required  will  be  -^-^ — °  21°   =  2-79  units.     If  the 

460 

diameter  of  the  wire  be  given  instead  of  its  weight  per  knot,  the 
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calculation  is  still  simpler,  and  the  constant  for  English  measures 
would  be  taken  from  the  third  column  of  the  table.  Thus  the 
resistance  at  o°  of  n  knot  of  pure  hard-drawn  copper  wire  o-i  inch 

diameter  would  be        7    .£-?*  =  6-05.     Annealing-  wires  materi- 
1062 

ally  alter  their  resistance ;  a  rise  of  temperature  increases  the 
resistance  of  all  metals ;  and  it  results,  from  the  observations  of 
Matthiussen,  that  for  all  pure  metals  the  increase  of  resistance 
between  o°  and  ioo°  G.  is  sensibly  the  same.  The  resistance  of 
alloys  is  very  much  greater  than  the  mean  of  the  metals  composing 
1 1n  in.  They  cannot,  therefore,  be  profitably  used  for  cables, 
though  they  are  very  useful  in  the  construction  of  resistance  coils, 
since  not  only  are  coils  of  great  resistance  made  of  small  bulk  by 
their  use  but  these  coils  are  much  less  altered  by  a  change  of 
temperature  than  if  made  of  simple  metal. 

The  following  are  some  of  the  points  to  be  attended  to  in  mea- 
suring the  resistance  of  conductors  (F.  Jenkin,  Cantor  Lcctur&i). 
All  the  resistance  coils  should  be  wound  double,  so  that  the  current 
may  pass  both  ways  round  the  coil  equally ;  this  prevents  self- 
induction,  a  disturbing  element.  Care  must  generally  be  taken  in 
using  the  Wheatstone  balance  to  connect  first  the  battery,  and  then 
the  galvanometer.  The  battery  must  be  left  connected  for  the 
shortest  possible  time  to  avoid  heating  the  wires  ;  special  precau- 
tions must  be  taken  to  avoid  resistances  at  connections,  which  are 
often  considerable.  The  resistance  of  the  wires  composing  the 
balance  should  not  diifer  too  greatly  from  that  to  be  measured ; 
.short  win;  galvanometers  answer  best  for  short  wires  ;  long  wire 
galvanometers  for  long  wires.  One  cell  of  large  surface  generally 
gives  better  results  than  large  batteries ;  the  temperature  of  the 
wire  to  be  measured,  and  that  of  the  resistance  coils,  should  be 
accurately  observed.  Practically,  the  copper  of  a  cable  is  tested 
before  it  is  used,  to  ascertain  whether  its  quality  is  equal  to  that 
specified.  When  a  knot  of  wire  is  covered,  it  is  again  tested  for 
resistance,  to  insure  that  the  proper  quantity  and  quality  of  wire 
has  been  used ;  finally,  after  the  cable  is  covered,  the  resistance 
ti'st  serves  to  check  the  length  of  the  cable  in  circuit;  to  insure 
that  the  conductor  is  in  no  point  interrupted,  and  that  the  tem- 
perature in  the  tank  is  not  higher  than  it  should  be. 

(219)  The  Insulator. — The-  object  of  surrounding  the  con- 
ducting wire  of  the  submarine  cable  with  an  insulating  substance 
is  to  prevent  any  serious  proportion  of  the  voltaic  current  from 
being  diverted  to  the  sea  near  the  conductor.  The  insulator  acts 
the  part  of  the  pipe  directing  and  containing  the  current;  thfe 
copper  core  acts  more  nearly  the  part  of  the  vwiwnX.  fc^%c.fe,tKus,*iS»^1 


Fig.  iTf. 


Wlk 
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I  In'  current  to  pass,  and  retarding  it  only  by  friction.      But  nu 

il  known  except  dry  air  will  perfectly  contain   electricity; 

some    leakage,    indicated  by  a  current,  always  occurs;  but.  the 

relative  resistance  to  conduction  with  equal  bulk* 

of  gutta-percha  and  copper  is  as 

60,000,000,0005000,000,000,  or  fixio1*  to  1. 
A   litter  idea  of  the  vsstness   of  this    num- 
ber will  be    obtained  by  observing     that  light 
would  take  a  century   to  travel  through  the  num- 
ber of  feet  which    that  number   would  express 
(F.  Jcnkin).     The  practical  degree  of   this  de- 
gree of  insulntiou  with  the  Atlantic  care  is  that 
more  than  99  J  per  cent,  of  the  current  lea 
England  would  reach  America  if  the  cable  were 
but   laid  j    any   improvement  in   insulation   will 
therefore  only  go  to  diminish  this  half  per  cent, 
low,  in  itself  of  no  consequence  whatever.     Iudia- 
rubber  has  a  higher  resb-tance  still.      The  chief 
advantage  of  a  high  resistance  is  the  facility  it 
affords  for  detecting  faults.    The  simplest  teal  of 
the  soundness  of  an  insulator  is  to  connect  one 
end  of  the  conductor  A  (big.  378)  with  one  pole  of  a  battery,  1, 
the  other  pole  of  which  is  joined  to  the  water  surrouinling  the 
insulated  wire  in  the  tank  t.     If  a  galvanometer,  e,  be  p] 
between  the  battery  and  the  conductor,  and  the  other  end  of  th* 
conductor  insulated,   any   current  producing   a   deflection   in    the 
galvanometer  must  pass  through  the  sheath  from  the  copper  to 
tlu'   water.     Such   a  current  is  often  called  a  leakage.     With  8 
battery  of  known  strength,  and  a  galvanometer  with  which  the 
observer  is  already  well  acquainted,  the  greater  or  less  deflt< 
of  the  galvanometer  needle  will  often  be  sufficient  to  show  whether 
this  leakage  is  ho  excessive  as  to  indicate  a  flaw  in  the  insulator 
connecting  the  water  with  the  copper.     The  test  is  a  rude  and  im- 
perfect one,  but  it  may  be  made  to  express  with  some  aceumcj 
the  resistance  of  the  insulator  in  the  Bame  units  as  those  used  for 
the  conductor  (see  Fleeminy  Jenkins  Cantor  Led tires  on  Submarine 
Teleyrriphy,  lecture  iv. ;  Journ.  Soe.  Arts,  Feb.  23,  1866). 

(230)  TH,e  Insulating  Properties  of  Different  Materials. 
— 1.  Gutta-percha. — When  pure  and  dry,  this  is  one  of  the  best 
insulators  known,  but  as  a  material  for  covering  submarine  con- 
ductors, it  has  serious  defects  in  practice ;  it  gets  soft  by  heat, 
and  ia  then  readily  injured;  it  absorbs  oxygen  from  the  air,  and 
becomes  converted  into  a  brittle  resin,  which  easily  cracks.  This 
change  goes  uu  in  dry  earth,  and  to  a  certain  extent  in  fresh  water, 
but  apparently  uot  m  salt  watec.    \\a  m^  wtwaa ^-ttu&ud.  di 
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is,  that,  after  being  submerged  in  an  apparently  perfect  condition, 
and  after  working-  well  for  some  time,  mimite  faults  become 
apparent,  which  gradually  increase  in  magnitude,  eventually  ren- 
dering the  cable  useless.  Lightning  haa  frequently  occasioned 
the  destruction  of  cables,  Gutta-percha  is  easily  perforated  even 
by  sparks  from  an  electrical  machine,  and  a  battery  of  500 
cells  will  do  the  same  in  a  few  minutes.  But  the  manufacture  of 
gutta-percha  has  been  greatly  improved  of  late  ]  the  special 
varieties  prepared  by  the  Gutta-percha  Company  almost  rival 
india-rubber  in  insulating  power,  and  possess  a  specific  inductive 
capacity  25  per  cent,  less  than  the  ordinary  gutta.  A  mix- 
ture of  alternate  layer*  of  gutta-percha  and  Chatterton's  com- 
pound ia  an  extremely  perfect  insulator,  but  it  has  the  disadvantage 
of  softening  by  heat,  bo  that  it  will  not  stand  hot  climates.  "When 
gutta-percha  is  mixed  with  imperfectly  conducting  substances, 
such  as  pounded  cocoa-nut  Bhell,  or  in  the  material  known  aa 
Gndefruy's  compound,  the  effect  is,  according  to  Wheatstone's 
experiments  (Report  of  Submarine  Telegraph  Cimnuittre),  greatly 
to  reduce  the  insulation  and  to  increase  tin-  induction;  so  also  the 
interposition  of  cotton  between  two  layers  of  gutta-percha,  as  in 
Hearder's  cablej  ia,  according  to  the  same  authority,  equally  dis- 
advantageous, 

2.  India-rubber. — From  its  cleanness  snd  purity,  its  high  non- 
conducting power,  and  its  low  specific  inductive  capacity,  this  m 
admirably  adapted  for  telegraphic  purposes.  It  bears  a  tempera- 
ture of  11  z°  with  impunity.  There  are  two  varieties  of  india-rubber 
met  with  in  commerce.  The  East  India  gum,  which  is  the  cheaper, 
is  apt  to  become  sticky  by  exposure  to  the  air,  and  is  not  therefore 
adapted  for  telegraphic  purposes ;  the  Pura  gum,  the  well-known 
bottle  iudia-rubber,  is  much  more  durable,  and  is  an  excellent  in- 
sulator. The  substance  known  as  vulcanised  india-rubber  exists  in 
twfl  very  distinct  forms,  viz.  highly  elastic,  and  in  the  form  of  a 
hard,  black,  brittle  .substance,  capable  of  taking  a  high  polish,  and 
known  iind.-r  various  names,  such  as  vulcmrite,  ebonite,  and  car- 
bonised caoutchouc.  If  not  adulterated  with  conducting  substances, 
it  ia  in  all  forms  a  highly  perfect  insulator,  and  in  the  form  of 
vulcanite  it  is  not  inferior  to  pure  caoutchouc.  It  is  fast  super- 
seding ivory  and  glass  for  electrical  purposes  and  for  electrical 
machines.  It  does  not  readily  attract  moisture  to  its  surface  like 
glass;  but  when  exposed  to  the  weather.it  constantly  gives  off 
sulphur,  and  its  surface  in  the  course  of  time  becomes  porous  and 
absorbs  w;iii  r;  were  it  not  for  this  defect,  it  would  be  of  gi 
value  for  telegraphic  insulation.  The  elastic  variety  is  nenruuu-ut 
under  water,  though  not  at  all  durable  ■wb.eu  fe-sxjQ%*yi  \k>  ^» 
wruther. 
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3.  Wray's  compound. — This  is  a  mixture  of  shell-lac,  india- 
rubber,  and  powdered  silica  and  alumina,  with  about  one-ninth 
of  gutta-percha.  From  its  admirable  insulating  properties,  its 
low  inductivity,  its  toughness,  strength,  and  elasticity,  and  its  not 
being  softened  by  any  climatic  temperature,  Clark  places  it  at  the 
head  of  all  materials  known  for  the  insulation  of  long  submarine 
cables,  nor  has  any  drawback  to  its  use  as  yet  been  discovered. 
For  the  insulation  of  cables,  a  combination  of  two  or  three  materials 
offers  advantages  which  no  one  material  can  insure  alone.  The 
first  layer  next  the  copper  conductor  should  be  a  thin  strip  of  pure 
cut  para-rubber,  then  layers  of  masticated  rubber,  applied  by 
Silver's  process,  then  a  covering  of  gutta-percha,  or,  perhaps  better, 
of  Wray's  compound ;  or  the  first  layers  might  be  of  Wray's  com- 
pound, and  the  outer  coating  of  gutta-percha.  By  either  of  these 
plans,  the  benefits  are  obtained  of  the  high  insulating  properties, 
and  low  specific  inductivity  of  caoutchouc  and  its  compounds ;  and 
from  the  perfection  of  the  insulation,  the  most  minute  defect  of 
manufacture  would  be  readily  detected. 

Each  successive  layer  of  insulator  on  the  cable  has  less  influence 
than  the  preceding.  By  doubling  the  thickness  of  the  coating,  we 
do  not  double  its  insulation,  or  in  other  words  halve  the  leakage- 
No  thickness  will  altogether  prevent  conduction ;  and  whatever 
quantity  of  gutta-percha  may  be  put  on,  the  cable  can  never  be 
made  a  perfect  insulator. 

Let  S  be  the  exterior  surface  of  the  cable ;  <  the  urea  of  the  interior  surface 
of  the  insulator  in  contact  with  the  conducting  wire;  t  the  thickness  of  the 
coating;  the  conduction  will  vary  as  the  mean  sectional  area  of  the  outer 
and  inner  surfaces  divided  by  the  thickness 

_S  +  «_ 
%_ 
t 

Insulators  have  their  conductivity  increased  by  heat,  whereas 
metals  have  their  conductivity  impaired  by  heat ;  both  properties 
are  obviously  against  telegraphy  in  hot  climates.  In  gutta-percha 
the  increase  of  conductibility  and  consequent  leakage  of  the  cable 
is  seriously  great  in  tropical  climates ;  but  the  insulation  of  an 
insulator  is  greatly  increased,  that  is,  its  conductivity  is  greatly 
diminished  by  pressure,  though  the  improvement  ceases  when  the 
pressure  is  removed.  The  conductivity  or  leakage  of  a  gutta- 
percha cable  is  diminished  if  a  positive  current  be  applied  for  some 
time;  but  it  is  increased  by  the  continual  action  of  a  negative 
current.  To  this  fact  no  satisfactory  explanation  has  been  given 
(Latimer  Clark). 

(231)  Penetration  ot  TtaQttteYtj  Into   Slelectrles.  —  This 
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phenomenon,  which  is  a  joint  effect  "1*  induction  and  conduction, 
is  identical  in  diameter  with  the  well-known  residual  charge  in 
Leyden  jars.  It  is  in  fact  induction  within  the  substance  instead 
of  on  the  surface.  It  doubtless  has  considerable  influence  on  the* 
speed  of  transmission  in  telegraphy.  From  an  extensive  series  of 
experiments  on  the  insulation  of  various  resins,  gums,  liquids,  and 
vitreous  substances  atone  and  in  combination,  Clark  and  Hughes 
(Report  of  the  Submarine  Telegraph  Committee)  arrived  at  the 
singular  conclusion  that  each  dielectric  lias  a  different  law  of  in- 
duction with  relation  to  distance,  forming  a  law  of  specific  indiietive 
capacity  different  from  that  of  Faraday.  According  to  this  view, 
the  amount  of  induction  through  plates  of  different  thickness  will 
in  one  material  vary  inversely  as  the  square  of  the  thickness,  and 
in  another  substance  it  will  vary  according  to  some  totally  different 
power.  If  this  should  be  established,  it  will  b©  of  great  import- 
ance in  telegraphy. 

(*$*)  The  External  Protection. — The  insulated  core  is 
generally  covered  with  strands  of  hemp  or  jute,  laid  or  spread 
round  it,  to  serve  as  a  pad  or  protection  against  pressure  from  the 
iron  wires  afterwards  applied.  This  eevetmg  it  called. *  serving' 
the  cable.  When  several  insulated  wires  to  transmit  distinct 
simultaneous  messages  are  included  in  one  cable,  they  are  lnid  in 
a  long  strand  with  hemp  between  them  to  form  a  circular  core  ; 
dill  liciup  is  called  the  '  worming.'  The  hemp  is  usually  tanned 
to  preserve  it  from  decay;  and  it  is  sometimes  laid  on  wei 
facilitate  the  detection  of  any  accidental  inj  ury  to  the  gutta-percha. 
Unfortunately,  both  hemp  and  jute  decay  rapidly  in  water,  and 
When  exposed  are  apt  to  he  eaten  away  by  marine  animals,  sunn 
kinds  of  whir  li  have  been  found  in  the  Mediterranean  in  depths  of 
1,200  and  1,600  fathoms. 

Tlie  served  core  is  commonly  protected  by  iron  wire,  laid  round 
and  round  in  a  long  helix,  and  abutting  one  ugahnst  another,  so  as 
to  present  the  appearance  of  an  iron-wire  rope.  In  the  early 
cables  the  iron  wire  was  generally  galvanized,  and  its  durability 
was  thereby  increased  to  a  moderate  extent ;  but  iron  is  by  no 
means  a  durable  material  even  when  galranized,  and  when  the 
cable  lies  upon  rocks  exposed  to  the  constant  flow  of  water,  or 
where  the  mud  or  sand  contains  peculiar  constituenta  destructive 
to  iron,  a  few  months  of  submersion  have  been  known  to  destroy 
the  metal  completely.  To  avoid  this  corrosion,  the  iron  is  usually 
OOated  with  hemp,  and  this  again  covered  with  tar  or  some  other 
protecting  material.  The  silicated  bituminous  compound  suggested 
by  Bright  and  Clark,  applied  over  the  wires,  affords  the  best  ■ot'v 
tection  known.     The  Persian  (iulf  cable  \*  coatee.  TsVCtt.  Sfc  tw«v- 
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end  to  end,  as  is  likewise  the  We  of  Man  cable  i  Tin-.  J79V  which 
ii  composed  of  a  single  conducting  win.-.     To  insure  p. 
oublea  in  shallow  seas  are  now  laid  weighing  as  mi 

per  mile,  uitli  shore  ends 
Fit?.  183.  nearly  20  Ions,  to  resist  nnehors 

lias   bees    propose 

apply  a  covering  of  hemp  outside  tita 
iron    wire,    and  to  wj-ap  this  round 
urnnnir. 
To  avoid  the  occurrence 
mnnent  twist    in    uncoiling  a  cable, 
it  Bhonld  be  taken  nut  nf  the  tank 
or  off  the  drum  in.  the  same-  nu 
as  it  is  put  in  or  on  ;   tlie  oppi 
course  will  nlwnys  put  n.  permoii'-nt 
w.e  of  Mun  cftbis.  twist  into  u  cable,  uad    this   twist 

concentrated  al  :  produc 

kink,  or  tight-drawn  loop. 
A  cable  covered  with  good  iron  should  bear  a  strain  equal 
two  tons  per  pound  of  iron  wire-  per  Fathom,     Thus  n  cable  wi 
3.750 lbs.  of  iron  per  knot,  or  375  lbs.  per  fathom  in  theehi 
should  bear  7J  tons  {/'.  ■>■■ 

(*3l)  Fotnta  in  Obm'i  Theory  In  Rotation  to  Telegraphic 
Circuit*. — Tin-  following  sis  the  principal  points: — 

1.  Thnt  the  quantity  of  electricity  which  pusses  in  t  given  time  is  directly 
proportional  to  the  difference  of  tension  at  the  two  ends  of  the  wire. 

a.  Thnt  the  qiumtrty  i*  inversely  proportional  to  the  length  uf  the  wire, 
so  thnt  two  miles  will  only  convey  half  as  much  as  one 

3.  That  the  quantity  is  directly  proportional  to  ihts  sectional  area  of  the 
wire,  (hat  is,  to  the  nrjHiir*  of  sis  din  meter,  or  its  weight  per  mile. 

4-  That  the  quuntily  is  directly  proportional  to  IliC  specific  condiictn  I 
•lis  metal,  i.  e.  invmeig  proportional  to  its  specific  resistance;  thus  the  con- 
ductivity of  copper  is  live  or  six  times  us  great  ns  I  lint  uf  iron  or 
consequently  n  copper  wire  of  a  given  sine  will  conduct  live  or  six  timt 
nmcli  electricity. 

5-  The  ten-.ii.Ti  ofn  wire  is  highest  at  the  positive  pole,  and  lowest  at 
negative,  and  fulls  uniformly  thronyliout  the  whole  length,. 

Although  according  to  Ohm's  law  the  quantity  of  electrici 
conveyed  by  a  wire  varies  directly  as  the  buttery  power,  or  as 
difference  of  tension  of  the  current  at  the  two  ends  of  the  wit 
this  only  holds  good  when  the  plates  are  sufficiently  large  to  suffer 
no  sensible  diminution  of  their  tension  from  the  abstraction  of  tl 
Current  by  the  ('inducting  wire,  a  condition  seldom  or  i\u\ 
practically  obtained.  With  plates +X3  in.,  and  a  tension  of  2c 
cells,  nn  addition  to   the  corant  of  i,qqo  wnka  of  ordinary  No.  i 
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line  wire  produces  a  reduction  in  the  tension  of  the  battery  current 
MJUfll  to  about  10  cells;  and  a  circuit  of  1 00  miles  reduces  the 
tension  or  effective  icorkintf  of  (lie  battery  from  aoo  to  100  cells. 
It  must  not  therefore  he  assumed  that  in  working  with  100  cells 
we  are  working  with  a  tension  of  100  elements;  the  working 
tension  depends  on  the  length  and  size  of  the  eond acting;  wire, 
and  with  a  battery  of  200  cells  it  may  he  anything  between  aoo 
elements  and  nothing1. 

(234)  The  Electrical  Properties  of  the  Submarine  Cable. 
— It  has  been  .shown  in  n  previous  chapter* Parti.  Chap.  I.  par.  rj ) 
tliat.  whrii  an  iiisuhiti'il  conductor  is  brought  into  tlie  neighbourhood 
of  a  conductor  that  is  insulated  the  latter  acquires  an  increased 
electrical  capacity,  in  consequence  of  the  reciprocal  inductive  actions 
of  the,  two  conductors;  that  the  nearer  the  tun  conductors  are 
brought  towards  each  other,  the  greater  will  be  the  amount  of  that 
inductive  influence,  and  that  different  non-conducting  bodies  or 
<iivlwtri<i  have  each  a  natural  power  belonging'  to  iteel£  which 
ia  called  its  'specific  inductive  capacity'  (ro).  As  induction  di- 
minishes rapidly  as  the  distance  increases,  its  operation  in  the  case 
of  a  telegraph  wire  suspended  anil  insulated  on  poles  is  very  small, 
but  that  even  here  an  Influence  h  exerted  on  the  neighbouring 
wire  and  the  earth,  is  proved  by  the  sensible  time  that  is  requited 
to  transmit  signnla  tfarougl)  very  long  wires.  On  half  a  mile  of 
suspended  wire,  for  example,  500  or  600  signals  may  be  readily 
sent  per  minute,  but  at  a  distance  of  500  miles  the  current  would 
appear  continuous  (('trf/ci/). 

When  one  pole  of  a  battery  is  connected  with  one  end  of  an 
insulated  telegraph  wire,  unci  the  oilier  pole  with  the  earth,  a 
current  flows  into  the  wire  until  it  hat  attained  the  same  static 
tension  its  the  battery.  If  the  wire  be  short,  the  small  static  charge 
which  it  has  acquired  is  immediately  lost  by  dissipation  on 
breaking  contact  with  the  battery ;  but  if  it  be  long,  the  charge 
lingers  in  the  wire,  and  thus  oausefl  the  signals  to  run  together,  so 
thiu  it  becomes  necessary  to  clear  the  wire  by  sending  a  reverse 
current  into  it.  The  nearer  the  wire  is  to  the^ground,  the  greater 
of  course  is  the  amount  of  inductive  action  set  \i\>  between  the 
wire  and  the  earth,  and  the  greater  therefore  the  electrical  cloi/fjiiip 
of  the  wire;  and  when  the  wire  is  covered  with  an  insulating 
mill  rial,  ami  buriiil,  it  becomes  an  enormous  Leydon  jar,  having 
for  its  inner  coating  the  wire,  and  for  its  outer  coating  the  earth. 
1m  1  tv  mile  of  such  wire  (No.  16  >  presents  n  .surface  of  8  5'95  square 
feet,  and  the  inductive  circumstances  being  assumed  to  be  the 
same,  receives  the  same  charge  from  a  source  of  the  same  tension. 
as  a  Leyden  jar  having  im  equal  number  oS  %uuaxg  fe^N.  eft  <\vSsA 
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coating.  There  is,  however,  this  material  difference  between  the 
two  cases :  though  both  are  discharged  in  a  time  inappreciably 
minute  to  the  senses,  the  discharge  from  the  wire  occupies  a  com- 
paratively much  longer  interval  than  that  from  the  coatings  of  the 
jar.  This  discharge  current  affects  in  a  very  serious  manner  the 
speed  with  which  signals  can  be  transmitted  through  the  wire. 

This  peculiar  character  of  insulated  and  buried  or  submerged 
wires  was  not  suspected  when  underground  telegraph  wires  were 
first  employed,  for  in  the  usual  practice  a  voltaic  current  does 
not  communicate  a  statically  intense  charge  of  electricity  to  a 
Leyden  jar.  It  was  first  made  evident  by  the  extraordinary  re- 
tardation which  the  electrical  current  experienced  when  it  had  to 
pass  through  subterranean  or  submarine  channels  in  the  course 
of  its  journey.  In  the  early  experiments  made  to  determine 
the  velocity  of  electricity  through  metallic  wires  hundreds  or 
thousands  of  miles  appeared  to  be  traversed  in  a  second,  whereas 
in  similar  experiments  made  on  the  underground  lines  running 
between  London,  Manchester,  and  Glasgow,  it  seemed  that  scarcely 
thousands  of  miles  were  passed  in  the  same  period.  Iudeed,  accord- 
ing to  Edward  Bright  (British  Association  Report,  1854.),  the 
velocity  of  currents  in  ordinary  use  for  telegraphic  purposes  in 
submarine  conductors  does  not  exceed  1,000  miles  per  second. 

( 2  3  5 )  The  Retardation  of  Signals. — The  effects  of  induction, 
as  they  had  been  observed  by  him  in  the  subterranean  lines  of 
Prussia,  were  described  by  M.  Werner  Siemens  in  1850.  These 
effects  were  the  reception  of  charge  and  its  retention  after  the 
cessation  of  contact  with  the  battery.  The  retardation  of  the 
current  was  first  witnessed  by  Latimer  Clark  on  the  20th  March, 
1852.  It  is  this  retardation  which  forms  the  great  difficulty  in 
modern  telegraphy. 

•  There  is  no  phenomenon  in  electricity,'  observes  Clark  (Report  of  Sib- 
marine  Telegraph  Committee),  '  that  has  a  more  important  bearing  on  the 
electric  telegraph  than  that  of  induction,  and  none  which  interferes  more 
with  the  commercial  success  of  telegraphic  enterprise.  If  it  were  not  for 
this  evil  presenting  itsstf  in  the  form  known  as  retardation  of  the  current, 
any  telegraph  cable,  however  long,  could  be  worked  at  almost  any  apeed; 
and  although  much  m*y  he  done  to  reduce  its  effects,  there  is  at  present  no 
known  method  of  avoiding  them  altogether.' 

On  the  occasion  on  which  the  phenomenon  of  retardation  was 
first  observed,  an  attempt  was  made  to  work  an  electro-magnet 
and  a  Bain's  printing  apparatus  through  100  miles  of  wire  im- 
mersed in  a  canal,  and  175  miles  of  wire  stored  up  dry  in  a  manu- 
factory. In  so  doing  it  was  found  that  there  was  no  difficulty  in 
working  even  with  a  very  small  b&ttety  ^ower  through  the  whole 
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length ;  but  it  was  instantly  noticed  that  the  current  took  a  very 
perceptible  time  in  travelling  the  too  miles.  The  experiment  HMU 
varied  in  several  ways,  both  with  the  electro-magnet  and  with  the 
printing'  apparatus,  but  the  result  was  uniform,  that  even  when 
the  current  had  to  travel  through  the  whole  length  of  the  wire 
before  acting  on  the  magnet,  retardation  was  perceived.  In  one 
experiment  the  batten,'  and  the  electro-magnet  were  placed  at  one 
end  of  the  wire,  and  the  contacts  were  made  and  broken  at  the 
other  ;  but  although  the  battery  and  the  magnet  were  close 
together,  the  same  retardation  was  perceived.  It  was  noticed  also 
that  the  marks  made  on  the  printing  paper  by  the  current  were 
not  only  alow  in  appearing,  but  often  on  their  appearance,  instead 
of  ending  abruptly  and  instantaneously,  u  they  do  in  overground 
lines,  the  mark  tailed  off  gradually  to  a  point.  The  cause  of  the. 
phenomenon  was  at  once  perceived  to  be  induction;  and  to  verily 
it,  the  ioo  miles  in  water  were  detached,  and  the  17s  miles  on 
dry  land  used  alone,  and,  as  was  to  be  expected,  no  retardation 
whatever  was  perceptible. 

The  retention  of  charge  by  subterranean  or  submarine  cables  i-< 
also  well  shown  by  the  following  experiment  described  by  Mr. 
Whitehouse  {Atlantic  Telegraph,  p.  10)  : — 

Fifteen  miles  of  insulated  wire,  with  a  conducting  layer  external  tr>  its 
insulating  investment,  were  arranged  with  one  end  lamed  nip  into  the  air; 
the  same  was  done  with  200  ■  miles  of  the  Maine  wire.  To  both  of  these  lengths 
was  communicated  as  full  a  charge  as  it  had  the  capacity  to  retain.  Kacli 
wire  was  then  dfacbSTgod.  through  a  fine  wire  coiled  round  a  bar  of  soft  iron, 
so  that  the  bar  was  rendered  a  magnet  pro  tempore,  i.e.  during  t lie  actual 
cunviit  of  electricity.  Upon  measuring  the  force  of  each  discharge  current. 
estimating  it  by  the  number  of  grains  the  temporary  mngnet  was  capable  of 
lifting,  it  was  found  that  in  the  ease  of  the  ij-mile  length  the  Weight  lifted 
amounted  to  1,075  Brain*,  and  in  that  of  the  200-mile  length  to  0,300  grains. 
A  current  which  lifted  18,000  grains  by  simply  running  through  I  he  appa- 
ratus I  has  arranged,  upon  being  Kflt  into  a  coated  insulated  wire  498  miles 
long,  lifted  60,000  grains  when  allowed  to  flow  tack  as  discharge,  and  even 
96  000  grains  if  the  discharge  passed  f.om  both  ends  of  the  wire  at  once,  and 
round  the  same  temporary  magnet. 

Submarine  and  subterranean  insulated  wires  do  not,  therefore, 
act  simply  as  conductors,  or  as  mere  channels  through  which  the 
electrical  current  flows,  but  as  reservoirs  storing  up  electricity  in 
quantities  proportional  to  the  length  of  the  wires.  A  sensitive 
magnetic  needle  placed  by  the  side  of  a  long  and  completely  in- 
sulated wire,  when  it  is  charged,  gives  clear  indications  of  the  first 
rush  of  electricity  into  the  imo,  of  the  retention  of  the  charge 
for  several  minutes  after  the  charging  contact  has  been  broken, 
and  of  the  final  rwih  out  or  discharge  of  the  vo&A&ftTym  "\u  *&A  oBgftfc- 
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site  direction  when  the  wire  is  connected  with  the  earth  by  its 
nearer  end.  These  phenomena  were  first  assigned  to  their  true 
cause  by  Faraday  (19,  Ex.  10,  p.  53). 

'By  means  of  the  arrangement  shown  in  Fig.  380,  the  discharge 
from  a  yard  of  insulated  cahle  may  he  made  evident  on  n  galvano- 
meter if  charged  by  a  large  voltaic  battery,  say  100  Daniell  cells 
(Fleeming  Jenkin).     x  is  a  common  Morse  key  by  which  the  con- 
ductor of  the  cable,  a  b, 
can  be  placed  in  con- 
nection with   the   bat- 
tery 7.  c,  by  a  contact 
ntp,  and  then  removed 
from  the  battery   and 
immediately  connected 
at  e  with  one  terminal 
of  the  galvanometer,  the 
other  terminal  of  which 
is  in  connection  with 
the   earth  at    e.     The 
contact  at  p  charges  the 
cable,  and  that  at  c  dis- 
charges it  through  the 
galvanometer.     As  the 
quantity  of  electricity  which  goes  into  the  cable  must  be  equal  to 
that  which  leaves  it,  if  the  galvanometer  o  were  placed  between  z 
and  p,  it  would  be  affected  to  the  same  extent  by  the  entrance  of 
the  charge  as  by  its  exit  at  c. 

The  following  experiments  Were  made  in  October  1853,  hy 
Mr.  Latimer  Clark,  in  the  presence  of  Professors  Faraday  and  Airy. 

1.  One  hundred  miles  of  gutta-percha  wire  were  immersed  in  a  canal,  the 
distant  end  of  the  wire  being  permanently  disconnected  with  the  earth. 
The  near  end  was  also  disconnected,  but  had  a  galvanometer  attached,  which 
indicated  any  current  which  passed  into  or  out  of  the  wire.  The  battery 
was  arranged  with  one  pole  permanently  connected  with  the  earth.  The 
other  pole  of  the  battery  was  now  brought  into  contact  with  the  line  wire. 
Thejjalvanometer  was  immediately  and  very  violently  deflected  to  the  right 
bv  a  current  passing  into  the  wire,  but  this  current  ceased  almost  imme- 
diately the  needle  resumed  its  nearly  vertical  position,  and  remained  quiescent. 
The  connection  with  the  battery  was  now  broken,  and  the  galvanometer, 
having  no  current  passing,  became  perfectly  vertical.  Things  being  in  this 
position,  that  is  to  say,  both  ends  being  disconnected  from  the  battery,  the 
near  end  was  connected  with  the  earth ;  the  galvanometer  was  now  deflected 
in  the  opposite  direction  by  a  returning  charge  quite  as  violently  an  in  the 
first  instance,  proving  that  a  charge  had  been  retained  in  the  wire.  No  such 
phenomena  were  observed  when  the  100  miles  of  cable,  instead  of  being 
submerged,  were  lying  in  cott»  m  a  &ry  »\*k*-tww&. 
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2.  The  length  of  wire  in  circuit  was  1,490  miles,  of  which  70  miles  were 
on  dry  boards,  the  remainder  being  on  iron  or  earthenware  pipes,  buried 
underground  along  the  railway  between  London  anil  Manchester.  The 
gutta-percha  was  a  quarter  of  an  inch  in  diameter,  and  the  interior  copper 
wire  one-sixteenth  of  an  inch;  each  wire  was  lapped  round  with  cotton  tape 
dipped  in  coal  tar,  and  then  dusted  with  fine  sand.  One  hundred  miles  of 
the  copper  wire  presented  8,250  feet  of  sulfate.  The  wires  were  loosely 
bound  into  a  bundle  of  eight  wires  by  twine,  and  drawn  into  the  pipes,  thus 
forming  eight  independent  circuits  from  London  to  Manchester,  whins  wire 
all  joined  up  into  one  circuit  of  1,490  miles.  The  battery  power  used  was 
508  cells  of  Daniell's  battery.    All  the  eight  wirca  were  joined  up  into  one 
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continuous  length,  viz.  the  zinc  pole  of  the  battery  to  the  earth,  the  copper 
pole  through  a  galvanometer  to  the  line  wires,  thence  to  Manchester  and 
back  twice,  and  through  a  second  galvanometer,  again  to  Manchester  and 
back  twice,  and  through  a  third  galvanometer,  and  then  10  earth.  On 
making  contact  with  the  batten",  the  needle  of  the  fiitl  galvanometer  was 
deflected  with  great  violence  for  an  instant,  and  immediately  afterwards 
settled  at  an  angle  of  nearly  90°.  After  the  lapse  of  a  full  second  or  more 
the  needle  of  the  sectiud  galvanometer  was  deflected  in  the  same  direction, 
not  with  violence,  aa  in  the  case  of  the  flrst,  but  rather  slowly  and  tardily, 
settling  to  an  angle  of  about  400  or  500.  Again,  after  a  still  bmgtr  interval, 
the  current  appeareil  to  reach  the  third  galvanometer,  the  needle  deflecting 
feebly  with  u  slow  movement,  but  increasing  gradually,  apparently  by  jeiks 
or  pulsations,  till  it  remained  at  an  angle  of  15°  or  20°.  On  disconnecting, 
the  first  galvanometer  fell  back  first,  the  second  and  third  last 
3.  In  this  experiment  there  was  no  earth  connection  used,  the  poles  of  the 
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battery  being  connected  directly  to  the  exterior  galvanometer  A  and  o, 
forming  a  closed  circuit.  On  making  connection  with  the  battery,  both  the 
exterior  galvanometers  a  and  c  were  violently  deflected  vo.  «t  "^axa&s\  &Mh- 
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tion  by  a  charge  of  positive  and  negative  electricity  evidently  pasting  into 
the  respective  wires,  the  needles  afterwards  continuing  deflected  atrongiv  ia 
the  same  direction.  The  intermediate  needle  b  was  not  deflected  until  after 
an  interval  of  a  full  second  or  more,  when  it  settled  quietly  in  the  same 
direction  without  any  jerk.  When  the  battery  connection  was  broken,  and 
the  galvanometers  a  and  c  connected  together,  a  powerful  discharge  returned 
through  each  of  them,  deflecting  them  in  a  reverse  direction  to  that  caused 
by  its  entrance. 

4.  One  pole  of  the  battery  was  pnt  to  earth  permanently  ;  the  other  pole 
was  put  into  contact  with  one  end  of  the  wires  (all  joined  on  to  each  other 
-  1490  miles)  by  a  finger-key  which,  when  pressed  down,  put  the  line 
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wires  into  contact  with  the  battery,  the  current  passing  through  the  galvano- 
meter into  the  line  wire.  When  the  spring  returned  np,  the  battery  con- 
nection was  broken,  but  at  the  same  time  a  contact  was  made  with  the 
earth,  and  the  induced  current  returned  out  of  the  line  wire  through  the 
galvanometer  and  the  key  to  earth. 

On  depressing  the  finger-key,  a  powerful  charge  passed  through  the  gal- 
vanometer, and  the  needle  was  deflected  violently  in  one  direction ;  on  raising 
the  key,  the  return  current  deflected  the  needle  still  more  powerfully  in  the 
opposite  direction,  at  the  same  time  completely  reversing  its  poles.  This  wss 
repeated  many  times.  The  return  charge,  or  inductive  discharge,  was  also 
taken  after  intervals  of  four  or  five  seconds. 

In  the  Gutta-percha  Company's  works,  this  return  current  was 
in  one  case  very  evident  after  a  lapse  of  Jive  minutes,  during  which 
time  the  wire  (100  miles)  had  been  totally  disconnected  with  the 
battery. 

When  a  current  was  sent  along  500  miles  of  naked  iron  wire 
suspended  in  the  air,  it  appeared  at  the  distant  end  almost  instan- 
taneously, and  ceased  to  flow  almost  at  the  same  time  that  it  was 
stopped  at  the  near  end. 

In  an  experiment  with  800  miles  of  subterranean  wire,  the 
battery  power  was  varied  from  31  to  516  cells ;  the  time  occupied 
before  the  first  appearance  of  the  induced  current  was  about  hajf 
a  second,  and  it  was  sensibly  the  same  for  all  the  tensions  tried. 
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The  causes  of  the  phenomena  observed  in  the  foregoing  experi- 
ments admit  of  a  ready  explanation.  The  internal  conducting 
wire  answers  to  the  inner  coating  of  a  Leyden  jar,  the  water  or 
moist  earth  on  the  exterior  answers  to  the  outer  coating,  When 
the  battery  is  applied  to  the  length  of  the  wire,  with  its  end 
in.-ulnted  from  thy  earth,  «  charge  is  given  precisely  similar  in  its 
nature  to  that  in  the  Leyden  jar.  But  whereas  from  the  small 
size  of  the  Leyden  arrangement  we  require  a  tension  of  100  or  joo 
cells  to  make  e fleet  apparent,  the  enormous  area,  as  formed  by  a 
mile  of  insulated  and  submerged  or  buried  wire,  enables  it  to 
be  very  nnmitV.-t.  Even  with  a  tension  of  only  one  cell,  if  the 
wire  be  disconnected  from  the  battery,  and  allowed  to  remain  in- 
sulated, this  charge  will  remain  in  the  wire  for  a  length  of  time, 
dependent  on  the  degree  of  insulation  of  the  wire.  In  some-  cases 
it  has  been  known  to  remain  sensible  in  the  wire  for  even  one  or 
two  days. 

(236)  Measurement  of  the  Currents  produced  during:  the 
Charring:  and  Discharging  of  Wires. — The  first  method  of 
measuring  the  amount  of  Induction  in  telegraph  wires,  and  the 
one  ultimately  adopted,  was  by  measuring  the  swing  of  the  needle 
of  a  horizontal  galvanometer.  The  currents  are  of  such  short 
duration  that  they  canuot  affect  the  needle  in  a  permanent  manner  ; 
the  forces  which  produce  the  deflections  are  as  in  the  similar  case 
of  a  balistic  pendulum,  generally  assumed  to  be  as  the  chitrd  of  the 
arc  through  which  the  needle  passes.  The  arcs  themselves,  when 
they  do  nut  surpass  300  or40°j  may,  for  these  experiments  which  do 
not  admit  of  the  greatest  accuracy,  be  considered  as  a  sufficient 
approximation  (  Wheutnlone).  In  general,  it  was  found  by  Latimer 
Clark  that,  when  the  galvanometer  was  suspended  by  a  single 
fibre  and  small  arcs  of  vibration,  the  number  of  degrees  of  swing, 
or  the  arc  of  vibration,  was  nearly  proportional  to  the  amount  of 
induction  j  but  there  were  considerable  variations  in  different  in- 
struments. In  the  gnlvuuometer  employed  by  Clark  in  all  his 
experiments  up  to  at  least  700,  the  oscillations  were  strictly  pro- 
portional to  the  amount  of  induction. 

The  amount  of  induction,  that  is,  the  quantity  of  electricity 
stored  up  by  induction,  is  directly  as  the  tension  of  the  batten,  us 
shown  by  observations  taken  with  tensions  varying  from  4  to  256 
cells,  and  even  from  1  cell  to  508.  If  the  deflection  given  by  a 
known  mile  of  telegraph  wire,  with  a  known  number  of  cells,  be 
noted,  and  if  we  take  another  mile  of  wire,  and  vary  the  number  of 
cells  until  it  gives  the  same  deflection  on  the  same  instrument,  the 
relative  induction  in  the  two  cables  will  be  inversely  as  the  num- 
ber of  cells. 
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With  a  wire  of  ordinary  dimensions  the  amount  of  charger  or 
of  induction  may  he  taken  as  varying  inversely  as  the  square  root  of 
the  thickness  of  the  coating  of  gutta-percha,  and  also  directly  as  the 
square  root  of  the  diameter  of  the  copper  conducting'  ■wire.  From 
this  law,  it  follows  that,  if  we  increase  the  diameter  of  the  con- 
ductor and  the  thickness  of  the  dielectric  in  the  same  proportions, 
the  induction  will  remain  constant.  Clark's  experimental  results 
were  in  close  accordance  with  this  law,  '  that  in  gutta-percha 
wires  the  amount  of  induction  varies  as  the  square  root  of  the 
diameter  of  the  conductor,  and  inversely  as  the  square  root  of  the 
thickness  of  the  dielectric,'  or 
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From  this  it  appears  that  the  law  of  variation  with  different  thick- 
nesses of  gutta-percha  is  different  to  that  in  air,  where  the  quantity 
of  electricity  accumulated  under  induction  between  two  opposing 
surfaces  varies  inversely  as  the  thickness  of  the  plate  of  air  inter- 
vening, and  not  as  the  square  root  of  the  thickness.  Wheatstone 
compared  the  discharges  from  1,  2,  3,  and  4  miles  of  copper  wire 
of  the  same  diameter,  and  covered  with  gutta-percha  of  the  same 
thickness,  using  a  battery  of  504  elements,  and  he  found  the  dhv 
charge  to  be  directly  as  the  length  of  the  wire. 

For  measuring  the  induction  charges  in  submarine  cables,  Sie- 
mens employed  an  instrument  in  which  a  re  versing  key,  driven  by  an 
excentric  wheel,  gave  a  rapid  succession  of  charges  or  discharges 
from  the  cable.  These  charges,  in  passing  through  a  galvanometer, 
caused  a  permanent  and  nearly  steady  deflection  of  the  needle, 
which  could  be  read  with  great  accuracy.  Wheatstone  modified 
this  machine  by  driving  the  excentric  by  a  multiplying  wheel, 
and  thereby  made  its  indications  surprisingly  delicate.  When 
driven  rapidly,  with  a  battery  power  of  500  cells,  it  readily  ex- 
hibited on  a  galvanometer  the  succession  of  discharges  from  is 
inches  of  wire,  one-sixteenth  of  an  inch  in  diameter,  suspended  in 
an  apartment.  Latiiner  Clark  adopted  the  system  of  rapid  motion 
to  a  differential  intrument  with  three  reversing  keys.  With  this 
apparatus,  which  he  calls  a  differential  inductometer,  using  a  battery 
of  500  cells,  and  a  galvanometer  with  30,500  convolutions  of  wire, 
the  extra  immersion  of  half  an  inch  of  telegraph  wire,  or  even  the 
approach  of  the  hand,  could  be  rendered  readily  perceptible.  The 
deflection  due  to  the  charge  or  discharge  of  a  short  cable  is  the 
result  of  a  very  short  impulse ;  and  this  deflection  may  be  used  to 

measure  the  charge  thus  (F.  Jenkin,   Cantor  Lectures) : First 

make  a  standard  knot  of  cable,  or  Ley  den  jar,  or  condenser j  take 
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the  discharge  from  that  with  an  arrangement  shown  in  Fig.  585, 
where  a  b  represent  plates  in  connection  with  the  earth,  and  x  y 
insulated  plates  separated  from  them  by  mica,  gutta-percha, 
paralfine,  glass,  or  air ;  M  the  Morse  key,  by  which  the  condenser 
xy  may  be  brought  into 

connection  with  the  battery  mtr  m9r 

z  c  by  a  contact  at  p,  and 
then  removed  from  the 
battery  and  connected  at 
o  with  the  galvanometer. 
Next  charge  the  cable  from 
the  same  battery,  and  by 
trial  bring  the  galvano- 
meter to  the  some  deflec- 
tion by  shunting  part  of 
the  current  through  re- 
sistance coila,  which  can 
be  adjusted.  If  one-hun- 
dredth part  of  the  current 
pass  through  «,  then  the 
capacity  of  the  cable  is  one 

hundred  times  that  of  the  condenser-  The  relative  charges,  if  not 
differing  much,  may  he  taken  as  proportional  to  the  deflections  on 
a  reflecting  galvanometer  (145))  or,  more  strictly,  to  the  sines 
of  half  the  angles  on  any  instrument.  A  galvanometer  with  a 
comparatively  heavy  needle  is  better  for  this  purpose  than  a  re- 
flecting instrument  with  mirror  and  light  magnets,  owing  to  the 
resistance  of  the  air.  Other  and  more  accurate  methods  of  mea- 
suring the  inductive  capacities  of  cables  are  : — 1.  By  the  transfer 
of  a  charge  from  one  condenser  to  another,  and  the  measurement 
of  the  potential  before  and  after  the  transfer ;  2.  By  the  relative 
effect  of  two  discharges  in  opposite  directions  through  a  differential 
galvanometer  (144);  3.  By  balancing  a  succession  of  discharges 
through  one  coil  of  a  differential  galvanometer  against  a  permanent 
current  adjusted  with  the  aid  of  resistance  coils  (m)  ;  and  4.  By 
balancing  the  discharges  against  a  permanent  current  in  an  arrange- 
ment resembling  a  Wbeatstone's  balance  (1 10). 

Bifferent  insulating  materials  or  dialectrics  have  different  specific 
inductive  capacities,  a  fact  which  has  a  direct  and  most  important 
bearing  on  the  commercial  value  of  all  submarine  telegraphs. 
Wires  of  the  same  dimensions,  but  coated  with  different  materials, 
have  been  found  experimentally  to  vary  in  specific  inductive 
capacity  so  greatly  that  one  wire  would,  in  a  given  time,  send 
nearly  fifty  per  cent  more  messages  than  the  other,  a  consideration. 
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of  the  first  importance.  The  modification  of  gutta-percha  called 
Godefroy's  compound,  which  u  a  mixture  of  gutta-percha  and 
ground  cocoa-mit-*liell,  gives  a  higher  induction  than  any  other 
material  examined  by  Latimer  Chirk •  next  in  the  series  came 
RadolinVi  special  material,  composition  unknown;  then  gutta- 
percha, with  coatings  of  Chatterton's  compound,  a  mixture  erf 
gutta-percha  and  Stockholm  tar,  and  Hughes's  fluid  cable ;  next 
the  wire  of  gutta-percha,  with  twenty  alternate  coatings,  and  Hall'c 
win-  envered  with  cotton  thread,  and  lapped  witb  spiral  layers  of 
Pera  india-rubber  masticated,  then  covered  with  elastic  vulcanised 
india-rubber  thread,  wound  very  tightly.  The  lowost  medld 
inductive  capacities  were  shown  by  \V ray's  compound,  which  ia  a 
mixture  of  shellac,  india-rubber,  powdered  silica  or  alumina,  and 
n  little  gutta-pereha  in  two  or  three  coatings— the  '  special  mate- 
rials '  of  the  Gutta-percha  Company  and  the  india-rubber  wire 
of  Silver  &  Co. 

Experiments  were  made  by  Clark,  to  determine  the  comparative 
inductions  of  copper  and  iron  conductors ;  and  it  was  found  to  be 
sensibly  the  same  as  might  be  expected,  from  the  w  ell-known iact 
that  electricity  under  induction  dwells  only  on  the  surface  of  con- 
ductors, and  that  itn  quantity  is  the  same  whatever  may  be  the 
material  of  which  the  conductor  is  composed.  The  same  i 
tricinn  also  found  that  the  amount  of  induction  received  from  a 
cable  was  not  altered  by  allowing  the  charge  to  pass  through  a 
second  length  of  cable.  A  perfectly  insulated  cable,  conn 
with  a  battery,  will  ultimately  attain  the  same  maximum  of  ch 
whatever  be  the  length  of  the  wire,  or  whatever  be  the  resistaoi 
of  the  intervening  conductor :  thus,  one  mile  of  plain  gutta-pt-rvha 
wire  was  charged  with  a  battery  power  of  128  cells,  a  resistance 
equal  to  about  700  miles  of  line  being  interposed  between  the 
battery  and  the  cable,  so  that  the  charge  and  discharge  had  to 
pass  through  this  length  of  wire  before  leaching  the  cable  ;  the 
amount  of  induction  charge,  as  measured  by  the  galvanometer,  was 
30*46  ;  of  discharge,  30*36.  The  same  wire  was  now  charged  with 
the  same  battery,  and  connected  direct  to  the  galvanometer  with- 
out any  resistance  ;  the  amount  of  induction-charge  was  30*38,  and 
of  discharge,  30*66. 

By  the  following  interesting  experiments,  it  was  proved  tk» l 
Amount  of  current  which  enters  the  cable  is  exactly  equivalent  to 
that  which  leaves  its  exterior,  and  is  of  course  of  the  same 
denomination : — 

1.  A  large  tub  of  water  was  carefully  insulated  by  suspending  it  on  slingi 
of  gutta-percha,  and  about  bulf  a  mile  of  gutta-percha-covered  copper  wire 
was  placed  ia  it.    The  battery  power  used  was  256  cells.    The  negative  pole 
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was  connected  with  the  earth,  and  the  induction  was  measured  in  the  usual 
way,  by  the  swing  of  the  needle  of  a  horizontal  galvanometer  ;  the  charge 
amounted  to  7,  the  discharge  to  -5,  the  leakage  being  25.  The  charge 
here  observed  waa  obviously  caused  by  the  induction  of  the  surrounding 
•walls  and  ceiling  of  the  room. 

*.  The  water  was  now  connected  with  the  earth,  and  the  observations 
repealed;  the  results  were — churge,  18-36:  discharge,  16-32 ;  leaiage,  172. 

3.  The  connections  were  now  changed  in  the  manner  shown  in  Fig.  386; 


Fig.  J86. 
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the  current  from  the  battery,  instead  of  being  sent  into  the  wire,  was  sent 
into  the  water  in  the  tub,  the  wire  being  connected  through  the  galvano- 
meter with  the  earth ;  the  observations  were  repeated ;  the  results  were— 
charge,  27-02  j   discharge,  zy^z;  leakage,  1-9.5. 

4.  The  galvanometer  was  now  removed  from  the  coil  of  wire  and  placed 
in  circuit  with  the  wire  leading  to  the  earth,  so  as  to  measure  the  amount 
of  electricity  passing  from  the  tub  to  the  earth.  The  battery  was  connected 
directly  with  the  wire:  the  results  were— charge,  28-12 ;  discharge,  25-88; 
leakage,  I  St. 

5.  The  galvanometer  was  placed  between  the  wire  proceeding  from  the 
battery  and  the  wire  dipping  into  the  water  of  the  tub,  but  not  in  direct 
contact  with  the  coil,  so  as  to  measure  the  amount  of  electricity  passing 
from  the  battery  into  the  water.  The  cable  was  connected  with  the  earth. 
The  results  were — - tharge,  28  72  ;  discharge,  16' I ;  leakage,  z-42. 

The  results  were  the  same  with  negative  as  with  positive  elec- 
tricity, and  it  was  further  proved  that  at  the  same  tension  the 
cable  gives  the  same  induction,  whatever  be  the  source  from 
which  the  electricity  is  derived. 

The  induction  discharge  may  he  used  to  measure  insulation  thus 
(F.  Jenkin):  Charge  the  cable  by  contact  atp,  Fig.  387,  and  then 
break  contact  atp  without,  making  contact  at  o.  The  charge,  which 
is  as  it  were  bottled  up  inside  the  cable,  leaks  gradually  through 
the  gutta-percha.  After,  say,  one  minute,  make  contact  at  0,  and 
observe  the  difference  between  the  deflection  thus  obtained  and 
that  obtained  where  the  cable  is  discharged  immediately  after 
being  charged.     The  difference  measures  the  loss  in  one  minute, 

A  similar  test  is  applied  by  Messrs.  Bright  and  Clark  to  the 
go  2 
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tearing;  of  joints.  A  joint/,  Fig.  387,1s  placed  in  an  insulated 
trough  of  water  connected  with  n  condenser;  the  battery  is  applied 
to  one  end  of  the  cable,  and  any  slight  leakage  which  may  occur 
at  the  joint  gradually  accumulates  in  the  condenser.    After  a 

Fig. ?«7> 
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minute  or  more  the  condenser  is  discharged  through  the  galvano- 
meter,  which  may  then  show  the  result  of  n  minute's  accumulatii  >n, 
even  when  the  permanent  current  pressing  at  any  moment  would 
not  have  been  sensible. 

(137)  Velocity  of  the  Transmission  of  Electric  Signals 
in  Submarine  Cables. — Tho  measurement  of  the  time  occupied 
by  the  transmission  of  electricity  through  conductors  is  one  of  the 
most  delicate  operations  in  electricity,  for  even  in  wires  of  con- 
siderable length  the  time  occupied  in  the  transmission  of  a  current 
is  extremely  snail.  In  Wheatstone's  celebrated  experiments  the 
velocity  through  copptr  wires  suspended  in  an  apartment  was 
observed  to  be  488,000  miles  per  second  (34),  a  Telocity  consi- 
derably greater  than  any  that  has  since  been  obtained  by  other 
experimenters,  But  even  here  there  is  every  reason  to  believe 
that  there  was  a  certain  degree  of  retardation,  arising  from  the 
inductive  influence  of  surrounding  bodies  similar  in  nature  to  that 
experienced  in  submarine  cables;  and  that  if  the  wire  had  been 
stretched  out  in  space  away  from  all  inductive  influences,  the 
velocity  of  propagation  would  have  been  found  much  greater. 

Walker,  who  made  many  experiments  on  telegraph  wires  in 
America,  found  the  velocity  to  be  about  18,000  miles  per  second  ; 
and  Figeau  and  Gonnelle  made  it  through  copper  wire  112,680 
miles  per  second  (34).  The  method  employed  by  the  latter 
electricians  woa  highly  ingenious  (Annales  Tetet/raj}Mqueat  1858), 
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Tfaey  employed  two  revolving  discs  of  ivory  fixed  on  tlie  same 
axis,  each  carrying  on  the  opposite  points  of  the  diameter  metallic 
plates  let  into  the  ivory.  Metallic  springs  pressed  against  the 
circumferences  of  these  discs,  and  malting  contact  with  the  metal 
plates,  formed  part  of  a  circuit  One  of  the  discs  was  slightly 
turned  round  on  its  axis  into  such  a  position,  that  just  as  one  of  the 
springs  was  entering  on  the  plate  which  conveyed  the  outgoing 
current,  the  spring  of  the  return  current  was  leaving  its  place.  It 
is  evident  by  this  arrangement  that  as  long  as  the  wheel  remained 
at  rest  in  any  position,  the  circuit  was  not  complete,  and  no  current 
could  pass  along  the  wire.  The  same  was  the  case  if  the  discs  were 
made  to  revolve,  so  long  as  the  current  travelled  instantaneously. 
Ifj  however,  the  curivnt  occupied  a  sensible  time,  in  its  passage,  it 
would  give  time  for  the  plate  on  the  second  disc  to  come  round 
into  such  a  position  as  to  complete  the  circuit  at  the  right  moment, 
and  allow  the  returning  current  to  pass  through  a  galvanometer  to 
the  earth.  By  adjusting  the  two  discs  into  such  a  position  as  that 
they  gave  their  maximum  effect  on  the  galvanometer,  and  observing 
the  rate  of  rotation,  the  velocity  of  the  electric  wave  was  easily 
determined. 

i.  Experiments  of  Whitehause. — An  apparatus  for  measuring  the 
time  occupied  in  the  transmission  of  signals  through  telegraph 
wires  was  invented  by  Mr.  Whitehouse  (Atlantic  Telegraph,  p.  18). 
It  consisted  of  a  receiving  instrument,  and  a  second  pendulum, 
vibrating  in  such  a  manner  that  an  electrical  current  could  be 
sent  by  it  in  opposite  ways  along  the  wire  under  examination. 
The  receiving  instrument  was  an  apparatus  which  could  be  set  in 
motion  instantaneously  by  the  action  of  the  long-wire  current,  and 
made  to  print  upon  a  ribbon  of  paper  by  styles  pressed  down  upon 
it  as  it  was  unwound  from  a  drum  by  clockwork.  The  paper  was 
saturated  with  a  chemical  solution,  which  was  colourless  until 
decomposed  by  voltaic  action,  when  it  communicated  to  the  paper 
a  deep  stain. 

Winn  (lie  receiving  instrument  was  in  operation,  one  of  the 
poles  of  its  battery  was  in  contact  with  printing  styles  of  steel 
pressed  down  on  the  top  of  the  paper,  and  the  other  with  a  table 
of  metal  resting  beneath  the  paper.  The  voltaic  current  thus  tra- 
versed the  moist  paper  immediately  between  the  styles  and  the  paper. 

The  pendulum  hangs  on  a  pivot,  which  is  one  of  the  poles  of  a 
battery,  but  is  prolonged  upwards  with  a  sort  of  crest  that  touches 
a  Bpring  right  and  left  as  it  sways  to  and  fro.  The  springs  when 
at  rest  press  upon  a  pillar  lying  between  them,  which  is  the  other 
pole  of  the  battery.  The  crest  of  the  pendulum  lifts  the  09 
these  springs  (which  it  touches)  off.  the  pillar  for  the  time ;  when 
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lifts  the  right  spring  it  sends  a  current  from  the  positive  pole  out 
through  it  and  the  wire,  and  back  through  the  left  spring  I 
negative  pole  or  pillar.   The  wire  is  coiled  in  different  pieces  round 
bars  of  soft  iron.     When  the  current  passes  through   the?! 
the  bars  become  magnets  for  the  time,  but  the  precise  nature  of 
their  magnetism  depends  on  the  direction  in  which  the  cm 
run  (*5*)i     When  the  direction  is  from  the  right  spring  at  the 
pendulum  apparatus,  the  N.  pole  of  the  magnet  is  wh ere  the  S.pole 
is  found  when  the  direction  is  from  the  left  spring.     But  near  to 
each  of  these  temporary  magnets  there  is  placed,  a  true  or  per- 
manent mAgnet,  mounted  on  a  pivot,  so  that  it  can  traverse  right 
and  left.   The  reversal  of  the  magnetism  in  the  temporary  ras 
causes  the  true  magnet  to  move  on  its  point  as  far  as  it  can,  because 
N.  poles  attract  S.,  and  vice  versd.     The  N.  pole  of  the  temporary 
magnet  pulls  towards  itself  a  S.  pole  of  the  true  magnet,  which  is, 
however,  sent  smartly  away  bo  soon  as  the  pole  of  the  temporary 
magnet  becomes  a  S.  pole  itself.     When  these  traversing  magnets 
lie  in  one  direction,  they  complete  the  circuit  of  small  local  batteries, 
and  cause  them  to  print  upon  the  ribbon  of  prepared  paper  ;  when 
they  lie  in  the  opposite  direction,  they  break  the  circuit  and  atop 
the  printing.    The  pendulum,  thus  reversing  the  direction  <>f  the 
current  of  the  long  wire  at  each  second,  makes  the  local  bs 
print  one  second  and  stop  one  second,  and  then  print  again.     On 
the  unrolling  ribbon  of  paper  there  are  long  dark  traces  alternat 
with  clear  space,  each  being  one  second  long. 

Suppose  now  one  of  the  receiving  instruments  be  placed 
Communication  with  one  end  of  a  long  wire  or  cable,  and  another 
instrument  with  the  other  end,  then  the  styles  of  those  instru- 
ments ranged  side  by  side  on  the  paper  ribbon  will  print  just  when 
the  current  influences  the  electro-magnet  belonging  to  them*  If 
the  current  does  not  arrive  at  one  magnet  until  some  appreciable 
time  after  the  other,  the  one  style  will  not  lieLfin  t«>  print  until  bo 
long  after  the  other ;  the  one  trace  on  the  paper  will  lag  behind  to 
a  certain  extent  behind  the  other.  But  the  distance  the  paper  moves 
in  a  second  is  marked  each  alternate  second  by  the  stained  trace 
printed  in  by  the  Btyle;  consequently,  the  distance  to  which  one 
mark  lags  behind  the  other,  or,  in  other  words,  the  length  of  time 
the  electrical  current  has  taken  to  run  through  the  wire  from  one 
receiving  instrument  to  the  other,  can  be  estimnted  with  the  utmost 
precision  in  fractional  porta  of  the  length  of  the  printed  rej 
tative  of  a  second. 

With  a  cable  1,146  miles  long,  the  seconds  pendulum  beic 
arranged  to  turn  on  the  electrical  current  to  the  wire  for  an  inst 
only  at  each  beat,  without  a  reversal  of  the  current,  the 
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trace  on  the  paper,  instead  of  being  interrupted,  was  one  long  con- 
tinuous line ;  the  current  moving  bo  sluggishly  in  the  induction- 
encumbered  wire,  that  one  transmission  "was  not  able  to  clear  itself 
off  before  the  next  was  pressing  upon  it.  The  actual  resistance 
set  up  by  this  length  of  cable  was  found  to  be  equal  to  that  ottered 
by  a  column  of  water  three-eighths  of  an  inch  in  diameter  and 
thirty  inches  long;  and  its  retarding  power  was  such  that  the 
momentary  wave  of  electricity  or  secondary  current,  Bet  in  motion 
by  nn  electro-magnet  in  an  induction  coil,  took  a  second  and  a  half 
to  discharge  itself  through  it  j  but  when  the  course  of  the  wave 
in  the  coil  was  reversed  after  each  signal,  the  residue  of  the  former 
current  which  clung  about  the  wire  was  thereby  discharged,  and 
seven  or  eight  signals  could  then  be  recorded  in  a  single  second. 
When  positive  followed  negative  and  negative  followed  positive 
in  equal  proportions,  the  result  was  that  the  equilibrium  of  the 
wire  was  continually  restored  as  fast  as  it  was  disturbed,  and  its 
telegraphic  capabilities  were  steadily  maintained. 

An  instrument  by  which  the  force  of  the  current  could  be  actually 
weighed  was  also  invented  by  Whitehouae.  It  consisted  of  a 
delicate  and  sensitive  steelyard,  upon  the  long  arm  of  which  move- 
able weights  could  be  hung  and  shifted,  the  short  end  being  armed 
with  a  small  bar  of  soft  iron.  Beneath  this  bar  was  placed  another, 
also  of  soft  iron,  surrounded  by  a  coil  of  fine  iron  wire,  so  that  it 
could  be  converted  into  an  electro-magnet  by  the  transmission  of 
an  electric  current  round  its  coil  As  the  force -.of  the  current  in 
any  case  determines  the  strength  of  the  magnet,  it  may  be  esti- 
mated by  the  number  of  grains  which  the  Boft  iron  bar  on  the 
short  arm  of  the  steelyard  is  able  to  lift,  this  weight  being  the 
representative  of  the  force  of  the  current. 

When  the  current  from  72  pairs  of  sand  battery  plates  was 
transmitted  through  the  coil  by  a  wire  just  long  enough  to  effect  the 
connection,  the  number  of  grains  lifted  was  45,000;  when  100 
miles  of  insulated  wire  were  interposed,  the  number  of  grains 
lifted  was  10,650  ;  with  400  miles  of  wire,  3,250  grains ;  and  with 
600  miles,  1,400  grains.  If  the  lifting  power  had  diminished  in 
the  ratio  of  the  square  of  the  distance  through  which  the  current 
had  been  sent,  it  would  have  lifted  much  leas  than  1,4.00  grain*. 

The  velocity  with  which  the  force  travels  through  different 
lengths  of  wire  was  also  ascertained.  As  the  results  of  numeroiiH 
observations,  it  appeared  that  through  83  miles  the  transmission 
was  effected  in  -o8  of  a  second  ;  through  166  miles,  in  tr  14  of  a 
second;  through  249  miles,  in  0*36  of  a  second;  through  498 
miles,  in  079  of  a  second;  and  through  1,020  miles,  in  1*41 
second.    Taking  83  miles  as  the  unit,  there  was  in  these  observa- 
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tions  a  series  of  distances  employed  which  would  be  represented 
by  the  numbers  i ,  a,  3,  6,  and  r  x,     But  if  the  force  diminished  in 
the  ratio  of  the  square  uf  the  distance,  the  transmission  thj 
the    i^oo-iuilo   hmgth    uf    wire  should   have    been     14JO 
as  slow  as  through  the  83  miles  length ;  that  is,  it  should  hate 
required   1a  seconds  for  its  completion.     The   results  of   h 
large  number  of  experiments  appeared  to  have  established  the  fact, 
'That  the  velocity  of  movement  of  a  magneto-i  invnt 

through  a  gutta-percha-covered  copper  wire  of  16  g-uage  ia  300 
in  from  Vr  to  TV  of  a  second ;  600  miles  in  £  to  ^  of  a  second ;  and 
900  miles  in  from  \  to  \  of  a  second.  The  series  of  distances 
being  represented  by  i,  a,  3,  the  corresponding  series  repress 
velocity  becomes  J,  fa  TVi  or  thereabouts.  With  a  wire  500  miles 
long,  350  signals  were  attainable  in  a  period  which  allowed  of 
exactly  370  distinct  signals  wheu  a  wire  i,oao  miles  was  ua 

According  to  the  experiments  of  "Whitehouae    <  77. 
Telegraph,  p.  so),  the  velocity  with  which  1  moves  th  n 

a  wire  varies  with  the  strength  or  quantity  of  the  electrical  entrant 
sent  through  it.  His  investigations  also  led  him  to  beh'.vc  that 
the  assumption  that  electrical  currents  move  in  submarine  or  .sub- 
terranean circuits  with  velocities  in  inverse  ratio  to  the  squares  of 
the  length  of  the  circuit,  is  not  borne  out  by  experiments  : — 

•Seven  small  pieces  of  zinc  were  prepared,  and  covered  entirely  with. 
sealing-wax,  fragment.*  of  copper  wire  being  attached  to  serve  as  copper 
plates.  The  sealing-wax  was  then  chipped  off  just  from  the  point  of  each, 
leaving  a  minute  portion  of  the  metal  bare.  These  zinc  plates  having  been 
put  into  seven  small  acid-charged  jars,  and  so  constituted  a  voltaic  ba 
a  receiving  instrument  was  But  printing  by  means  of  it  through  600  miles  of 
wire.  The  printing  instrument  performed  its  work  with  the  Utmost  facility; 
but  by  means  of  the  recording  apparatus,  it  was  proved  that  the  current  look 
niiir-tenths  of  a  second  to  make  itB journey.  From  a  voltaic  sand  battery 
of  twelve  pairs  of  four-inch  plates,  the  current  took  forty- four-  hundr 
of  a  second  to  traverse  600  miles  of  wire. 

'■Seventy-two  pairs  of  sand  battery  plates,  each  sixteen  inches  square  in 
area,  which  lifted  1,400  grains  in  the  magneto-electrometer  at  the  end  of 
600  miles  of  wire,  generated  a  current  which  took  forty-four  hundredths  of 
a  second  to  traverse  that  distance.     Two  large  double  induction  coils  thirl  v- 
six  inches  long  (the  secondary  coils  being  composed  of  a  mile  and  a  third  of 
fine  wire),  and  excited  by  ten  pairs  of  plates  of  100  sqnurc  inches  each, 
arranged  as  a  Smee's  battery  (100  6),  gave  riso  to  acurrent  which  could  only 
lift  745  grains  at  the  end  of  a  600-mile  wire;  but  the  current  In  this 
travelled  through  the  entire  length  of  wire  in  nineteen-hundredths  of  a 
second     .    .     ....     The  mean  or  average  speed  for  voltaic  electi 

in  a  No.  16  guage  copper  wire  of  a  certain  determinate  length  was  about 
1,400  miles  per  second;  the  mean  or  average  of  speed  of  themagncto-t.-! 
current  in  a  similar  wire  of  equal  length  was  about  4,300  miles  per  aei 
The  maximum  speed  attained  by  voltaic  electricity  was  i,Soo  miles  per 
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second ;  the  maximum  of  the  magneto-electric  current  was  6,000  uiilas  per 
second. 

'  With  a  length  of  166  miles  of  cable,  the  velocity  of  movement  of  the 
simple  voltaic  current  came  oat  -i6  of  a  second ;  with  a  wire  of  the  same 
length,  but  double  the  siee,  the  velotiity  was  *zi  of  a  second;  and  with  a 
wire  treble  the  siae,  28  of  a  second.  With  the  same  length,  the  velocity  of 
the  double  induction  current  come  out  with  the  first  win, '08;  with  the 
second,  "09;  and  with  the  third,  '095  of  a  second.  With  a  length  of  250 
miles,  the  velocity  for  voltaic  electricity  was  with  the  first  wire,  '29,  and 
with  the  second,  "406  of  a  second;  and  for  the  double  induction  current, 
•145  and  '185  of  a  second;  30  that  increasing  the  size  of  the  conductor 
augments  retardation  in  the  transmission  of  electricity  through  it.  The  "  law 
of  the  squares,"  therefore,  does  not  apply  to  the  transmission  of  electricity 
along  submarine  or  subterranean  gutta  percba  wire  (the  facility  of  trans- 
mission being  estimated  by  the  rate  of  speed),  because  the  case  is  not  one  of 
simple  conduction,  but  of  transmission,  after  the  wire  has  been  charged 
inductively  to  saturation  as  a  Leyden  jar.  Thhj  fact  is  of  the  utmost  im- 
portance in  ocean  telegraphy.' 

In  the  month. of  October  1856  signals  were  distinctly  and  satis- 
factorily telegraphed  through  2,000  miles  of  the  underground 
wires  belonging  to  the  works  of  the  English  and  Irish  Magnetic 
Telegraph  Company,  by  magneto-electric  induction  currents,  by 
Messrs.  Bright  and  Whitehouse,  in  the  presence  of  Professor 
Morse  of  the  United  States,  The  signals  were  distinctly  and 
satisfactorily  telegraphed  through  the  whole  length,  at  the  rate  of 
xi o,  241,  and  (upon  one  occasion)  270  per  minute. 

%.  Experiments  of  Latimer  Clark  mid  Profetxor  Jlughss  (Re- 
port of  the  Submarine  Telegraph  Committee), — The  instrument 
employed  by  these  electricians  for  measuring  the  velocity  of  electric 
currents  was  a  modification  of  the  type-printing  telegraph  of 
Hughes  (220).  In  an  experiment  in  which  a  current  was  sent 
through  a  resistance  coil  equal  to  460  miles  of  wire,  it  was  found 
that  the  resistance  of  the  coil  had  not  any  effect  in  diminishing 
the  velocity  of  the  passage  of  the  current,  hut  only  that  of  lessening 
its  amount.  When,  however,  the  same  current  was  sent  through 
submarine  cables  of  different  lengths,  the  following  retardations 
were  observed  :•— 


If  these  numbers  be  plotted  out  as  ordinates,  they  will  be  found 
to  fall  nearly  in  a  straight  line,  and  to  favour  the  idea  that  the 
speed  of  propagation  varies  directly  as  the  length  of  the  cable,  and 
not  as  the  square  of  the  length.    This,  for  some  as  yet  unesplainedL 


Through    75  miles  the  retardation  was  025  of  a  second 
„       231      11  •>  11     -o8o        „ 

n         3°8        »  it  11      "1'5  11 

n         385       »  „  v       I40         to 

„         462       „  11  „     -160  n 
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reason,  does  not  coincide  with  the  received  law  of  transmission. 
The  velocity  of  propagation  does,  not  depend  simply  on  the  1 
nr  resistance  of  a  circuit,  but  on  the  relative  amount  of  m- 
luctive  surface  and  the  supply  of  electricity.  According  to 
Professor  Thomson,  (AtKemwiH,  Nov.  1,  1856),  the  law  of  the 
square*  remains  altogether  untouched  hy  the  experiments  of 
White  house. 

3.  Researches  of  Fleeming  Jenkin  (Phil    Trans.,    1861V— The 
experiments  were  made  on  the  Red  Sea  cable  when  coiled  U 
tanks  at  Birkenhead,  and  the  following  conclusions  were  arrired 
at:— 

1.  The  electromotive  force  has  no  appreciable  effect  on  the  velocity  with 
which  the  current  3s  transmitted. 

2  The  rate  (if  decrease  in  the  current  nt  the  remote  end,  after  contact  has 
been  made  for  a  given  time  with  the  earth  at  the  near  end,  is  the  same  M 
the  rote  of  increase  observed  after  making  contact  with  the  battery  at  the 
near  end  for  an  equal  time. 

3.  Reversals  of  the  current  in  no  way  modify  the  arrival  enrve  during 
its  increase,  nor  (to  they  modify  the  curve  showing  the  decrease  of  the 
current. 

4.  On  all  submarine  cables  there  is  a  limit  to  the  number  of  signals  which 
can  be  sent  per  minute,  a  limit  which  cannot  be  exceeded  by  any  ingeoiooi 
contrivance. 

5.  There  is  a  wide  margin  between  the  limit  set  to  the  speed  of  trans' 
mission  by  the  gradual  diminution  of  the  received  signals  and  that  set  by 
their  interference. 

6.  The  use  of  reverse  current*  does  not  alter  the  limit  set  by  the  gradual 
diminution  of  the  received  signals,  nor  that  set  by  their  interference. 

7.  Signals  can  be  sent  without  confusion,  at  any  speed  which  will  allow 
the  shortest  signal  used  to  cause  a  sensible  variation  in  the  received 
current, 

S.  The  apparent  increase  of  resistance  of  the  gutta-percha  is  rather  dos 
to  an  absorption  of  electricity,  which  is  again  given  out,  than  to  a  real  change 
in  the  conductivity  of  the  material. 

9.  The  rate  of  transmission  varies  as  the  square  of  the  length,  whether 
by  rate  of  transmission  be  meant  that  speed  at  which  repeated  signals  fail 
to  produce  any  sensible  effect,  or  the  rate  producing  so  great  an  ampliiuJo 
that  common  hand-signals  can  be  received  without  confusion. 

10,  The  resistance  of  the  battery  and  receiving  instrument  produces 
nearly  the  same  effect  as  the  addition  of  an  equal  length  of  submarine 
cable. 

4.  Researches  of  CromieeS  Varley  {Phil.  Trans,,  1861). — From 
the  imponderable  nature  of  electricity  (considered  as  a  fluid),  from 
ita  incompressibility,  and  other  circumstances,  Varley  infers  that 
the  electric  current  commences  flowing  out  at  one  end  of  the  cable 
at  the  very  instant  that  contact  is  made  with  the  battery  at  the 
other  end;   but  it  is  a  considerable  time  before  it  reaches  an 
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appreciable  strength ;  it  then  goes  on  augmenting1  in  strength, 
approaching  to,  but  never  absolutely  attaining,  its  maximum 
force.  As  the  first  part  of  tbe  wave  commences  to  appear  in- 
stantly, and  as  the  top  of  the  wave  would  require  an  indefinitely 
long  period  of  time  to  be  reached,  the  part  of  the  wave  best  suited 
for  investigation  Varley  considered  to  be  half  the  maximum,  as  at 
that  period  the  changes  of  its  intensity  in  a  given  time  are  more 
rapid  than  at  any  other.  He  invented  a  machine  for  bisecting  the 
electric  wave,  by  which  he  was  enabled  to  determine  the  relative 
rates  of  transmision  through  cables  of  different  lengths  with  great 
accuracy. 

From  a  series  of  experiments  made  upon  a  cable  which  bad 
been  laid  in  the  Mediterranean,  but  which  had  been  lying  exposed 
to  the  sun  and  weather  in  the  East  India  Docks  for  some  years,  it 
was  ascertained  that  Thomson's  law,  '  that  in  submarine  cables  of 
different  lengths  the  speed  is  inversely  as  the  square  of  the  dis- 
tance/ is  substantially  correct  in  practice.  Experiments  were  also 
made  to  determine  the  effect  of  applying  resistances  to  "one  end  of 
the  cable.  For  instance,  a  telegraphic  instrument  when  applied 
to  the  cable  augments  the  resistance  of  the  circuit ;  and  when  a 
resistance  equal  to  half  that  of  the  cable  was  applied  at  one  end, 
the  rata  of  the  electric  wave  through  it  was  decreased  to  three- 
quarters.  When  a  resistance  equal  to  the  whole  of  the  cable  was 
added  at  one  end,  so  as  to  double  the  resistance  of  the  whole 
circuit,  the  speed  was  reduced  to  about  three-fifths;  and  when 
resistance  double  that  of  the  cable  was  added,  the  speed  was 
reduced  rather  more  than  one-half;  but  variations  in  the  electro- 
motive force  produced  no  sensible  variation  in  tbe  speed  of  the 
waves. 

Experiments  tried  upon  the  Dunwich  and  Landvoot  cable  after 
it  was  submerged,  and  the  insulation  of  which  was  very  high, 
showed  that  doubling  tbe  length  of  the  circuit  reduced  the  speed 
□early  four  times  j  the  cable,  being  here  in  a  straight  line,  was 
exposed  to  much  less  magneto-electric  induction  than  if  it  had 
been  in  a  coiled  mass.  The  experiments  on  the  Mediterranean 
cable  showed  that  with  three  times  the  length  the  speed  was 
reduced  nearly  nine  times.  By  the  introduction  midway  in  the 
circuit  of  an  escape  (circuit  derive),  the  speed  of  transmission  was 
doubled;  by  the  establishment,  therefore,  of  a  series  of  escapes 
judiciously  along  the  cable,  the  speed  of  transmission  may  be  aug- 
mented to  a  very  high  degree,  without  weakening  the  current  too 
much  for  the.purpose  of  telegraphy. 

Experiments  tried  with  currents  of  various  duration  gave  some 
important  results,  the  highest  speed  being  obtained  when  the  cable 
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was  connected  to  the  battery  for  a  very  short  interval  of  time,  and 
immediately  afterwards  put  to  earth.  In  this  way  through  54a 
miles  the  speed  of  the  wave  was  increased  from  1  -  3  a  6  to  3  '7.  Yariey 
likewise  made  special  experiments,  to  determine  what  amount  of 
retardation  is  due  to  the  magnetisation  of  the  iron,  covering  of 
submarine  cables :  and  the  results  showed  it  to  he  so  small,  com- 
pared with  the  retardation  due  to  electrical  induction,  that  in 
estimating  the  Bpeed  of  the  electric  wave  it  may  be  neglected. 

1 2. 3S  }  Distribution  of  Induced  Electricity  in  Xtcne  Sub- 
marine Cable*. — Arrangements  were  made  by  Latimer  Clark 
{Report  of  tin-  Xuhmtirinr  Telegraph  Committee),  by  which  a  battery- 
current  from  64.  cells  could  be  sent  along  800  miles  of  wire  (re- 
presented by  resistance  coils).  A  length  of  4-  miles  of  >>utta- 
percha  wire  immersed  in  water  was  also  arranged  so  that  it  could 
be  connected  through  a  galvanometer  successively  at  different 
points  along  the  800  miles.  The  current  was  sent  through  the 
coil  suddenly,  by  moans  of  an  induction  key ;  a  certain  portion 
passing  through  the  galvanometer  into  the  submerged  wire,  which 
of  course  charged  tho  wire  up  to  a  certain  tension  equal  to  ti 
tho  Una  at  the  spot  at  which  the  galvanometer  was  connected. 
The  amount  of  induction  was  found  to  be  almost  exactly  propor- 
tional to  the  distance  from  the  end  of  the  line.  Thus,  at  100  miles 
the  deflections  at  charge  and  discharge  were,  7'ao  and  6'6o ;  at 
*oo  miles,  14*35  aa^  13'+5  i  ttt  4°°  miles,  17*6  and  18  8  j  and  at 
800  miles,  56-9  and  557. 

The  time  occupied  in  charging  and  discharging  a  cable  with  its 
distant  end  to  earth  varies  as  the  square  of  the  length.  In  a  cable 
too  miles  long,  the  amount  of  electricity  under  induction  is  twice 
as  great  as  in  a  cable  100  miles  long,  using  the  same  battery- 
tension,  and  the  electricity  has  twice  as  far  to  flow  before  reaching 
its  destination.  Now,  as  the  long  cable  has  twice  the  quantity  of 
electricity,  and  as  the  electricity  has  twice  as  far  to  travel,  tho 
time  occupied  by  charge  and  discharge  will  be  twice  as  long- 
hence  the  above  law. 

(239)  Electric  Waves.— If  two  or  three  successive  currents  of 
short  duration  be  sent  into  a  long  cable,  they  will,  if  of  sufficient 
magnitude,  travel  onwards   scjiarately,  and  emerge  in  succi- 
from  the  other  end ;  and  this  fact  is  usefully  taken  advantage  of 
to  increase  the  speed  of  working  in  long  cables. 

Electric  waves  may  be  of  three  kinds: — 1.  Those  consisting  of 
positive  electricity  ;  z.  Those  consisting  of  negative  electricity ;  J. 
Those  consisting  of  both  positive  and  negative  electricity  togiM 
In  waves  of  positive  electricity  the  tension  of  the    wire    rises 
alternately  above  that  of  the  earth,  and  sinks  to  o3.     En 
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■wares  the  tension  falls  below  that  of  the  earth,  and  rises  to  o°. 
They  are  identical  in  their  characteristics,  and  follow  the  same 
laws.  In  working  with  a  double  current,  that  is,  with  alternate 
negative  and  positive  waves,  there  is  an  important  practical  ad- 
vantage. It  is  necessary  with  single  currents  to  use  a  spring,  or 
other  mechanical  contrivance,  to  bring  the  magnet  or  the  armature 
hack  to  its  position  of  rest.  The  force  necessary  to  effect  this  has 
to  be  subtracted  from  the  efficient  force  of  the  current.  With 
double  currents  the  armature  or  magnet  moves  passively  under 
the  influence  of  the  alternate  currents,  the  whole  power  of  the 
current  being  effective  to  mnke  and  break  contact. 

(24.0)  The  Amount  of  Induction  is  not  the  same  at  all 
Points  of  tno  line. — Let  A,  B,  c,  D,  s,  F,  a  represent  alongsub- 

Fig.  388. 


E 


D 


marine  cable  with  a  current  flowing  through  it,  and  let  A  h  repre- 
sent the  tension  near  the  battery;  it  is  found,  rxp?rimen  tally,  that 
the  tension  at  other  points,  B,  0,  n,  &c,  varies  aB  the  distance  from 
the  battery,  and  that  the  line  n  e  represents  the  tension  of  the 
electricity  at  all  points.  But  the  quantity  of  induced  electricity 
varies  as  the  tension;  therefore  the  perpendiculars,  B,  c,  n,  &c, 
will  correctly  represent  the  amount  of  induction  at  all  points  along 
the  line. 

The  whole  amount  of  induction  in  the  cable  is  represented  by 
the  triangle  H*  A  o  ;  and  if  this  triangle  be  divided  into  sections 
by  the  perpendicular  lines  A,  B,  c,  D,  E,  F,  the  area  included 
between  any  two  of  these  perpendiculars  will  correctly  represent 
the  amount  of  induction  upon  that  section  of  the  cable.  .Now  it 
is  the  property  of  a  triangle,  that  if  the  base,  A  o,  be  divided  by 
any  number  of  equal  lengths,  and  perpendiculars  such  as  n,  c,  D, 
&c,  be  erected  upon  it,  if  the  area  of  the  smallest  section,  v  Qf 
=  1,  the  area  of  all  the  other  sections  will  increase  in  the  ratio  of 
the  odd  numbers,  1,  3,  5,  7,  9,  n.  Consequently,  if  the  whole 
length  of  any  submarine  cable  be  conceived  to  be  divided  into  any 
number  of  equal  parts,  the  quantity  of  electricity  Btored  up  induc- 
tively in  each  section  will  be  in  the  ratio  of  j,  3,  5,  7,  9,  it,  &c.; 
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therefore,  if  a  cable  be  divided  into  three  parts,  the  section  nearest 
the  battery  will  have  five  parts  of  ele- •;  ;  riddle  tires 

part*,  and  the  di-t:i m  .-•■<-tion  one  part;  end  this  independent  of 
the  battery  power,  bearing  in  mind  that  the  standard  tension  of 
any  section  depends  not  on  the  number  of  cells,  but  an  the  actio! 
fir;-iiiii  HH'jiMired  close  to  the  battery. 

If  the  battery  be  disconnected  from  the  cable,  the  whole  of  the 
electricity  will  How  out  at  the  distant  end  to  the  earth  ;  hut  if 
the  near  end  of  the  cable  at  the  instant  it  ia  disconnected  from  the 
battery  is  connected  with  the  earth,  a  much  larger  quair 
electricity  rushes  out  at  the  near  cud  than  at  the  distant  end,  and 
the  tension  is  very  much  greater. 

(141  l  Laws  which  Keg-ulate  the  Quantity  of  Charge 
which  Enters  a  Cable,— (Latimer  Clark.) — The  entire  commer- 
cial value  of  the  telegraph  depends  upon  the  time  occupied  in 
charging  and  discharging,  and  the  rate  at  which  signals  can  be 
distributed  through  the  cable  within  a  given  period.  The  name 
of  rti(irdtit\<mt  which  was  given  to  thia  phenomenon  by  its  dis- 
coverer, Latimer  Clara,  is  still  commonly  used.  Before  the  contact 
of  the  batter}'  with  a  cable  whose  distant  end  is  to  earth,  the  ten- 
sion of  the  former  is  at  its  maximum  ;  but  upon  contact  the  current 
enters  freely  into  the  empty  cable,  the  tension,  unless  the  battery 
be  immensely  large,  at  first  falling,  and  again  rising  aa  the  succes- 
sive sections  of  the  cable  (140)  gradually  became  charged  The 
tension  near  the  battery  gradually  becomes  greater,  until  the 
flow  of  electricity  out  at  the  distant  end  equals  the  supply  Rt 
the  near  end,  and  all  the  tensions  have  attained  their  final  states. 
During  this  interval,  the  tensions  would  be  represented  at  each 
moment  by  a  curved  line  if  the  battery  be  small,  and  by  a  straight 
line  if  it  be  infinitely  large.  Now  after  the  equilibrium  has  been 
so  obtained,  we  have  seen  (140)  that  the  quantity  of  electricity  in 

any  given  section  of  the  cable,  ad 
pjg,  jgg,  a  B,  may  be  represented  geome- 

trically by  the  triangle  abb; 
alsOj  that  if  the  tension  of  the  bat- 
tery remain  the  same,  the  quan- 
tity in  any  longer  cable,  a  c,  may 
c  also  be  represented  by  the  triangle 
A  0  D.  Now  if  we  Buppoee  the 
cable  A  B  to  be  100  miles  long,  and  a  c  aoo  miles,  we  shall 
that  the  whole  amount  of  electricity  under  induction  in  a  c  will 
be  twice  os  great,  as  in  A  b  ;  for  the  triangle  \  n  0  is  one-half 
of  the  parallelogram  abed,  and  the  trinngle  a  c  d  is  likewise 
half  the  parallelogram  acedj  and  since  of  these  two  parallelo- 


grama  one  is  just  twice  as  large  as  the  other,  the  triangle  aod 
will  be  twice  as  large  aa  a  b  d.  The  whole  electricity  in  the  zoo 
miles  will,  therefore,  be  exactly  twice  as  great  aa  that  in  100.  It 
will  be  seen,  at  the  same  time,  that  the  average  distance  through 
which  the  electricity  has  to  flow  before  reaching  its  destination, 
and  before  returning  to  the  earth,  is  exactly  twice  the  average 
distance  which  the  electricity  in  a  b  has  to  flow ;  and,  therefore, 
the  longer  cable  A  C  not  only  hae  twice  the  electricity  in  it,  but 
that  electricity  has  twice  as  far  to  travel,  and  consequently  the 
time  occupied  by  the  charge  and  discharge  will  be  four  times  aa 
long.  Similarly,  if  the  cable  A  o  had  been  three  times  aa  long  as 
A  B,  the  quantity  of  electricity  under  induction  would  have  been 
three  times  as  great,  and  the  average  distance  it  would  have  had 
to  traverse  would  also  have  been  three  times  as  far,and  consequently 
it  would  have  taken  nine  times  as  long  to  become  charged.  In 
other  words,  the  time  occupied  in  charging  and  discharging  a  cable 
with  its  distant  end  to  earth  will,  according  to  this  theory,  vary 
as  the  square  of  its  length,  This  law  was  first  enunciated  by  Pro- 
fessor Thomson  in  a  paper  read  before  the  Royal  Society  in  May 
1855,  and  published  in  the  proceedings  of  that  year,  in  which  the 
question  was  submitted  to  the  highest  mathematical  analysis, 

There  is  no  increase  in  the  speed  of  transmission  of  the  electric 
current  by  increasing  the  tension  of  the  battery ;  for,  let  the  in- 
duction in  si  cable  with  any  given  tension,  say  100  elements,  be 
represented  by  a  triangle,  as  in  Fig.  388,  and  let  the  time  occu- 
pied by  the  passage  of  the  electricity  into  the  cable  be  represented 
by  1.  Now  if  we  double  the  tension  of  the  battery,  the  quantity 
of  electricity  contained  in  the  cable  will  be  twice  as  great  as  it  was 
before j  but  while  entering  the  cable,  each  particle  will  be  forced 
in  under  twice  the  tensiou  that  existed  in  the  first  case  ;  and  we 
have  seen  that  the  quantity  of  electricity  flowing  through  a  wire 
in  a  given  time  varies  directly  as  the  tension  ;  consequently  the 
double  quantity  contained  in  the  cable  under  the  double  tension, 
will  occupy  the  Bame  time  in  entering  and  leaving  the  cable  as 
the  original  quantity  did  under  the  lower  tension. 

(242)  Testing  Short  Xiengths  of  Cable. — An  instrument 
frequently  employed  for  this  purpose  is  Thomson's  divided  ring 
electrometer.  A  general  description  of  this  beautiful  instrument 
has  already  been  given  (42) ;  its  application  to  -the  testing  of 
cables  will  perhaps  be  more  clearly  understood  from  Fig.  390, 
which  illustrates  the  principle  on  which  it  is  constructed  (Fleemiiuj 
Jenkin,  Cantor  Lectures)  : — 

A  light  flat  aluminium  needle,"  A,  balanced  by  a  counterpoise,  is  suspended 
by  a  pluliuum  wire  from  a  point  connected  with  the  interior  coating  of 
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■  Leyden  jar.  Under  the  needle  two  half  rings,  C.  and  at,  are  placed,  wilk 
(he  division  on  one  side,  directly  under  the  aluminium  needle  in  it«  positim 
of  rest.  The  whole  is  placed  inside  a  metal  case,  dot  shown  in  the  drawin;, 
Suppose  tlic  needle  a  b  not  to  be  charged,  then  if  l  he  connected  with  t,  U 
electrified  body,  while  m  i*  connected  with  the  earth,  the  needle  will  tm 

slightly    towards  U   «n<I  tbu 


Figr.  ioo. 


will  be  the  case  whelW  tu 
electricity  of  j  be  positive  or 
negative.  If  we  now  chotgfl 
tha  Leyden  j&x  with,  say.  ne- 
gative electricity,  1  he  needle 
will  be  brought  to  the  saint 
•  potential  '  as  the  inner  coif- 
ing; it  will  be  much  more 
itrooglj  attracted  than  befen 
by  1.  if  the  electricity  of  x  be 
positive,  and  would  be  power- 
fully repelled  if  x  were  nega- 
tive. If  1  loses  its  elertricilr 
and  returns  to  the  potential  of 
the  earth,  the  needle  o  6  will 
return  to  its  origin 
ent  position  between  L  and  M, 
being  equally  attracted  by  both.  One  object  of  connecting  the  needle  with 
a  Ley  den  jar  is  to  provide  a  considerable  supply  of  electrieitv  fur  the  needle, 
so  that  the  unavoidable  slight  leakage  which  must  occur  may  not  affect 
one  test,  or  even  a  series  of  testa.  A  loss  of  one  unit  of  electrier 
minute  will  matter  little  if  the  whole  store  be  1,000  such  as  may  be  held  lir 
the  jar;  but  if  Ihe  store  be  only  one  or  two  units,  ouch  ss  would  be  received 
by  the  needle,  such  n  loss  would  bo  fatal.  Tha  deflections  will  also  be 
greater,  nnd  the  instrument  will  be  more  sensitive,  the  higher  the  potential 
with  which  the  jar  is  charged  ;  but  the  indications  will  only  be  constant  SO 
long  as  the  jar  is  charged  to  the  same  degree. 

In  the  instrument  as  made,  the  deflections  are  shown  by  a  spot  of  light 
refleclcd  from  a  mirror  hung  above  the  needle,  as  in  the  reflecting  galvano- 
meter (145).  The  Leyden  jar  is  placed  in  an  atmosphere  dried  by  sulphuric 
acid,  nml  will  hold  a  sensibly  constant  charge  for  days  at  a  time.  Finallv, 
the  metal  case  screens  the  needle  from  all  attraction  or  repulsion  bv  electri- 
fied bodies  outside,  owing  to  a  well-known  law.  The  deflections,  being 
angularly  very  small,  are  proportional  to  the  potentialaof  the  bodies  to  be 
tested,  which  are  connected  with  l,  while  m  is  kept  permanently  connected 
with  the  earth. 

With  this  instrument,  nothing  ia  easier  than  to  compare  accu- 
rately the  times  occupied  by  the  charged  conductor  of  a  piece  of 
cable  covered  with  -water  in  falling  from  the  first  tension  to  half 
or  any  other  fraction,  and  the  times  thus  occupied  are  relative 
measures  of  the  insulation  resistance  of  the  insulating  cover.  No 
very  high  tension  is  required,  and  the  test  by  this  in-  ^ives 

one  direct  proof  of  the  identity  of  electricity  given  by  friction,  and 
that  from  the  voltaic  battery. 


Thomson's  portable  electrometer. 


)In  making  the  test,  the  cable  may  be  charged  "by  a  spark  or  two 
from  a  machine  or  electrophorus,  or  it  may  be  charged  by  ample 
contact  for  an  instant  with  a  wire  joined  to  one  pole  of  a  voltaic 
battery  of,  say,  50  or  100  elements. 

The  following  formula  gives  the  means  of  calculating  in  B  A 
units  (1 14)  the  resistance  of  the  insulator.  When  the  potential  P 
at  the  beginning  and  p  at  the  end  of  a  time  t  measured  in  seconds 
are  known — 

Slog.*-. 


0^343  t 


In  the  first  of  these  equations  the  hyperbolic,  and  in  the  Becond 

P. 

the  ordinary  logarithm  of  —  is  used,  but  in  botb  we  have  a  quantity, 

S,  called  the  capacity  of  the  cable. 

The  joints  of  insulated  conductors  are  tested  thus : — The  joint 
is  dipped  into  an  insulated  trough  connected  with  the  test-plate  L; 
it  is  electrified  by  a  machine  or  electrophorus,  and  the  loss  by 
leakage  into  the  cable  at  that  point  watched.  The  conductor 
should  be  connected  with  the  centre*  Extreme  care  and  cleanli- 
ness is  absolutely  necessary  in  conducting  experiments  of  this 
nature,  and  an  artificially-dried  atmosphere  is  indispensable  in  all 
Coses  where  extremely  high  insulation  is  required.  As  an  example 
of  what  can  be  done  by  selecting  proper  materials,  and  by  drying 
the  atmosphere  bo  as  to  prevent  a  moist  film  from  being  deposited 
on  the  instrument,  F.  Jenkin  {Cantor  Lectures)  atates  that  Leyden 
jars  in  Professor  Thomson's  electrometers  can  be  made  to  hold  their 
charge  so  well,  that  not  one-half  per  cent,  will  escape  in  14  hours. 
Such  a  cable  as  the  Atlantic  falls  from  charge  to  half-charge  in 
about  fifteen  minutes. 

ProfeMor  Thomson's  Portable  Electrometer. — This  instrument  is 
also  used  for  testing  the  insulating  powers  of  materials,  by  observ- 
ing gradual  loss  of  charge  from  a  body  insulated  by  these  mate' 
rials;  for  testing  the  electromotive  force  of  batteries  and  other 
electromotors ;  and  for  various  other  purposes  where  great  delicacy 
and  accuracy  are  required. 

In  a  former  part  of  this  work  (42),  mention  has  been  made  of 
this  beautiful  electrometer.  For  the  following  detailed  descrip- 
tion of  it,  and  the  theory  of  its  action,  we  are  indebted  to  Mr. 
Fleeming  Jenkin,  F.R.S.  :— 
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It  consists  especially  of  six  parts : 

i.  The  Ley  den  jar,  the  inner  coating  of  which  extends  over  the  lover 
part  of  the  jar  only,  and  is  connected  with  a  brass  plate,  the  upper  surface 
of  which  is  exposed  to  the  air  inside  the  jar,  and  has  no  external  armature 
near  it. 

a.  The  moveable  test-plate,  parallel  with  the  above,  and  meant  to  be 
connected  with  the  object,  the  electrical  condition  of  which  is  to  be  tested. 

3.  An  index  moved  by  the  force  exerted  between  the  test-plate  said  the 
plate  connected  with  the  inner  coating  of  a  Ley  den  jar. 

4.  An  electrode  from  the  test-plate,  protected  by  a  cap  or  covering,  which 
prevents  external  undried  air  from  entering  the  Leyden  jar. 

5.  A  brass  covering  protecting  the  contents  from  external  electrical 
influence. 

6.  A  receptacle  for  pumice-stone,  to  be  saturated  with  sulphuric  add  for 
the  purpose  of  maintaining  an  artificially-dried  atmosphere. 

The  arrangement  of  these  parts  will  be  understood  by  reference 
to  the  two  following  illustrations  (Figs.  391  and  39a).   The  Leyden 

jar  is  formed  by  the  glassjar 
Fi*.  J9i.  *  *  (Fig.  39a :  a),  covered 

externally  by  a  brass  pro- 
tecting cover  with  open- 
ings^ through  which  the 
interior  can  be  seen.  The 
external  coating'  of  this  jar 
is  confined  to  the  lower 
portion,  and  is  formed  bv 
the  brass  cup  n  n  (Fig.  39a : 
a  and  3),  the  upper  sur- 
face of  which  is  coated 
with  a  brass  plate,  s  (Fig.  ■ 
39a:  a> 

This  jar  can  be  charged 
only  by  putting  a  wire, 
insulated  with  indiarubber, 
down  through  the  hole  a 
(Fig.  391 : 1)  in  the  cover  of 
the  instrument.  The  charge 
can  be  given  by  a  succes- 
sion of  sparks  from  an 
electrophorus  (Fig.  39a :  7 
and  8) ;  it  may  be  positive 
or  negative,  according 
to  the  manner  in  which 
the  instrument  is  used. 
When  the  charge  is  given,  the  wire  is  withdrawn,  and  the 
hole  q  closed  with  a  cover.  The  moveable  test-plate  is  marked  A  a. 


2 


TI> 


Thomson's  poutable  electhometeb.  467 

It  ia  a  thin,  flat,  circular  brass  plate,  carried  by  a  glass  insulating 
column  F.  This  column  ia  carried  by  a  brass  cylinder  s,  which  can. 
be  raised  or  lowered  by  a  micrometer  screw,  worked  by  the  turning 
nut  a.    The  lower  flange  of  this  nut  k  ia  divided  into  i  oo  parts.    The 


Fig.  is*. 
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hrasa  cylinder  s  projects  at  its  upper  end  beyond  the  nut ;  and  on  this 
projection  a  scale  ia  marked,  each  division  of  which  corresponds  to 
one  turn  of  the  micrometer  screw.  By  this  scale,  and  the  divisions 
on  the  nut,  the  distance  through  which  the  teat-plate  is  raised  or 
lowered  can  be  read  to,  say,  S5jloo^p  P8^  °f  an  inch, 

A  force  of  attraction  or  repulsion  will  be  exerted  between  the 
test-plate  A  and  the  plate  n,  according  as  the  two  are  electrified, 
similarly  or  dissimilarly.  The  force  will  in  any  case  increase  as 
the  test-plate  is  lowered,  and  decrease  as  it  ia  raised.  This  force 
is  mode  use  of  to  move  the  index  B  c  i>  (Tig.  392). 

This  index  consists :  1  at,  of  a  small,  square,  light  aluminium  plate 
b.  level  with  the  surface  of  the  plate  n  ;  zndly,  of  a  bent  arm  passing 
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under  this  plate,  and  currying  a  little  fork  with  a  cross-hair  at  r> 
(Figs.  391 :  1,  and  3,91 :  a  and  3).  This  little  fork  cranes  through  the 
cup  x  ?i  n,  and  can  be  seen  through  the  glass  of  the  Leyden  j  ar.    The 
.  is  supported  on  a  fine,  light,  horizontal  wire  ee  (1* "ig.  392 :  3), 
on  which  it  oscillates  freely  within  certain  limits.    The  oscdUu: 
indicating  the  rise  or  fall  of  the  plate  B,  are  shown  by  the  fall  or 
rise  of  the  cross-hair  D,  relatively  to  two  little  black  spots,  marked 
on  white  pHper  immediately  behind  the  cross-hair.     When  the 
hair  exactly  bisects  the  space  between  the  two  spots,  as  at  d  (Kg. 
391 :  i),  it  occupies  what  is  called  the  '  sighted'  position,  and  the 
plate  b  is  then  exactly  flush  with  tbe  surface  of  n. 

To  facilitate  the  observations  of  the  cross-hair,  and  to  avoid 
parallax,  a  lens  is  placed  a  little  distance  in  front  of  the  spots. 
When  the  lens,  B,  is  drawn  back  from  the  glass  as  far  as  is 
allowed  by  the  littlo  slide,  the  hair  and  Bpots  are  seen  greatly 
mage i lie d ;  and  the  hair  will  only  appear  straight  when  the  eye 
is  in  the  right  position,  i.e.  exactly  opposite  the  centre  of 
the  two  spots.  The  use  of  this  index  is  to  show  whether  the  force 
exerted  between  the  test-plato  and  the  plate  B  is  such  as  to  brin*" 
the  plate  exactly  flush  with  or.  A  slight  torsion  is  given  to  the 
wire  e  e,  m  such  a  direction  as,  when  neither  test-plate  nor  Le  1 
jar  are  electrified,  will  bring  the  plate  b  below  k,  and  the  cross- 
hair above  the  sighted  position.  The  test-plate  is  electrified  by 
means  of  an  electrode  or  terminal  H  (Fig.  391),  which  projects 
through  an  opening  in  the  brass  cover.  This  electrode  is  sup- 
ported by  an  insulating  glass  pillar  e,  and  is  connected  elec- 
trically with  the  test-plate  by  the  wire  b.  A  cap  or  cover- 
ing, 1,  slides  up  and  down  on  the  rod  h.  When  pleased  down, 
u>  it  always  should  be  when  no  test  is  being  made,  it  excludes 
the  air  from  the  jar  at  this  point,  and  also  connects  the  test- 
plate  electrically  with  the  outer  case  of  the  Leyden  jar.  When 
the  cap  is  raised,  it  forms  part  of  the  insulated  system  of  the  test- 
plate,  and  still  serves  to  prevent  any  rapid  interchange  of  air  be- 
tween the  inside  and  outside  of  the  jar.  The  lead  case  1  (Fig,  39*), 
contains  pumice-stone  moistened  with  sulphuric  acid,  for  the 
purpose  of  keeping  up  an  artificially-dried  atmosphere  within  the 
instrument. 

Tn  use  the  instrument  proceed  as  follows : — Press  the  cap  at  1 
(Fig.  391)  down  till  it  touches  the  cover  of  the  instrument;  raise 
the  teat-plate  by  turning  the  nut  »  till  about  twenty  divisions 
can  be  read  at  tho  scale  at  K ;  uncover  the  hole  in  the  lid  at  qj 
put  the  india-rubber-covered  wire  op  (Fig.  39::  6)  through  tho 
hole  a,  taking  care  that  the  bare  copper  touches  the  plate 
5,  and  does  not  touch   the  test-plate  a;   touch  the  bare  end 
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of  the  insulated  wire  projecting  from  the  pole  ft  with  the  charged, 
cover  of  the  electrophorus,  (Fig,  391 :  7) ;  and  repeat  the  operation  a 
considerable  number  of  times,  till  the  cross-hair  at  *  drops  from 
above  the  '  sighted1  position  to  below ;  then  carefully  and  rapidly 
withdraw  the  charging  wire,  and  close  the  hole  ft.  The  fall  of  the 
cross-hair  will  have  been  due  to  the  attraction  exerted  between  the 
plate  B,  now  charged,  and  the  test-plate  which  is  in  connection 
with  the  earth.  The  charge  on  b  ia  sufficient  (if  the  attraction 
just  mentioned  ia  sufficient),  to  overcome  the  torsion  of  the  wire, 
when  the  test-plate  is  at  such  a  distance  from  B  as  corresponds  to 
twenty  divisions  on  the  scale. 

Next  look  through  the  lens,  taking  care  to  keep  the  instrument 
to  the  eye  in  such  a  relative  position  that  the  hair  looks  straight 
and  not  distorted. 

Turn  the  nut  k  slowly,  till  the  hair  comes  to  exactly  the  <  sighted' 
position.  When  tbe  cross-hair  ia  below  the  f  sighted '  position,  the 
nut  must  be  turned  in  the  direction  in  which  the  hands  of  a  watch 
move;  this  raises  the  test- plate,  and  diminishes  the  attraction. 
When  the  hair  is  above  the  sighted  position,  the  nut  must  be 
turned  the  other  way.  When  the  crosa-hair  is  exactly  in  the 
sighted  position,  the  scale  must  he  read  and  noted  down.  Read 
first  the  scale  at  K,  and  write  down  the  two  figures  as  read,  as 
thousandths  and  hundredths.  Next  observe  the  division  on  the 
nut  k,  opposite  the  arrow  on  the  lid,  and  write  down  the  figures  as 
tenths  and  units.  Thus,  if  21  divisions  are  exposed  at  K,  and  the 
division  65  is  opposite  the  arrow  on  the  lid,  write  down  the 
observation  as  %i  65 ;  and  this  number  is  called  the  earth-reading, 
because  the  test-plate  was  in  connection  with  the  earth  at  the 
time.  It  serves  first  to  indicate  the  degree  of  charge  in  the 
Leyden jar;  and  secondly,  as  a  starting-pointfrom  which  to  measure 
the  difference  in  the  electrical  condition  of  other  bodies  from  that 
of  the  earth.  Even  in  the  best  instrument,  the  earth-reading  will 
not  remain  sensibly  constant  when  the  Leyden  jar  is  first  charged ; 
the  observer  will  find  that  every  few  minutes  he  must  turn  the 
nut  it  a  little  round,  lowering  the  test-plate  A,  increasing  the  read- 
ing. This  ia  due  to  the  gradual  partial  absorption  of  the  charge 
into  the  glass  of  the  Leyden  jar.  If  the  jar  wp.re  suddenly  partly 
discharged,  and  a  new  earth-reading  taken,  this  reading  would 
slowly  increase,  owing  to  the  gradual  redelivery  of  the  electricity 
previously  absorbed.  For  these  reasons  the  jar  should  be  charged 
for  some  hours  before  the  instrument  is  to  be  UBed,  and  the  charge 
should  not  be  disturbed  or  altered  in  any  wny  before  or  during 
the  observations.    If  the  instrument  be  in  good  order,  the  earth- 
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reading  will  be  found  sensibly  constant  about  twelve  boors  after 
charging,  and  an  observation  can  then  be  made. 

Raise  the  little  cap  i ;  put  the  body  to  be  tested  in  electrical 
connection  with  the  wire  A ;  turn  the  nut  K  until  the  cross-hair 
is  again  in  the  'sighted'  position.  Read  the  scales  as  before, 
and  note  the  result  cm  the  last  reading.  Subtract  the  earth- 
reading  from  the  test-reading ;  the  difference  measures  the 
potential,  or  fas  it  is  sometimes  called)  the  tension  of  the  body 
tested.  If  the  difference  is  positive,  the  electricity  of  the  body 
tested  will  be  of  the  same  nature  as  that  of  the  Leyden  jar,  and 
vice  versd. 

Example : — 

Let  us  suppose  that  the  jar  was  charged  by  the  thin  metal  disc  of  the 
electrophorus,  the  charge  will  of  course  be  positive.  Let  the  earth-reading 
be  1.950.  and  the  test-reading  1,21a ;  tben  Che  electricity  of  the  body 
tested  is  negative,  and  Its  potential,  according  to  an  arbitrary  scale  differing 
with  each  instrument,  is  740. 

Suppose  the  test-reading  to  be  2,320,  tben  the  electricity  of  the  body  is 
positive,  and  its  potential,  according  to  the  same  scale,  370. 

It  is  important  that  the  earth-reading  should  remain  constant 
during  each  experiment;  it  should  therefore  be  tested  after  each 
experiment,  and  if  it  has  altered  slightly  the  mean  of  the  initial 
and  final  earth-readings  should  be  taken  as  the  true  earth-reading. 

The  body  to  be  tested  may  be  in  contact  with  the  electrodes, 
either  momentarily  or  permanently ;  if  permanent,  it  is  well  to 
use  a  line  wire  h  (Tig.  3.91  :  1),  slipped  into  t\w  slit  at  a ;  less  risk  is 
then  run  than  with  a  stronger  connection  of  breaking  the  electrode 
or  its  supports. 

To  test  the  electrical  condition  of  the  atmosphere,  a  slow-burning 
match  may  be  connected  with  A,  or  an  insulated  water-dropper,  aa 
described  in  (4.3). 

Theory  of  the  Instrument. — There  are  two  leading  peculiarities 
in  the  construction  of  thiB  electrometer :  the  first  depending  on  an 
arrangement  allowing  strict  numerical  comparisons  to  be  made 
between  any  two  simple  readings  taken  on  the  same  instrument  j 
the  second  depending  on  the  use  of  a  highly-charged  and  insulated 
Leyden  jar,  which  greatly  augments  the  delicacy  of  the  indications, 
and  allows  the  observer  to  distinguish  directly  between  positive 
and  negative  electricity. 

The  law  of  attraction  between  two  plane  and  parallel  surfaces, 
at  diliiTpnt  electric  potentials,  forms  the  basis  on  which  the  theo- 
retical proof  rests  that  the  readings  of  the  instrument  are  always 
comparable. 

In  a  paper  by  Professor  Thomson  (Proo.  Roy,  Sac,  i860,  p. 
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i  8  57),  it  is  shown  that  the  force  exerted  between  two  parallel 
surfaces  separated  by  a  distance  a,  small  aa  compared  with  their 
whole  area,  and  maintained  at  a  difference  of  potential  V,  will  be 

V* 

equal  to    - ^  per  unit  of  area.    The  present  instrument  con- 

tains  two  plane  and  parallel  discs,  sufficiently  large,  in  proportion 
to  the  distance  separating  them,  to  fulfil  the  aboTe  conditions 
approxinintively.  This  distance  can  be  altered  at  will.  An  index 
is  so  contrived  as  to  move  into  a  '  sighted'  position  whenever  the 
force  exerted  between  the  two  discs  is  exactly  equal  to  a  given 
amount,  constant  under  constant  conditions  for  each  instrument, 
but  varying  in  different  instruments.  By  a  micrometer  screw,  the 
difference  between  any  two  positions  of  the  parallel  planes  can 
be  read.  One  of  the  planes  is  maintained  at  a  constant  height 
but  unknown  potential  V ;  the  second,  which  may  be  called  the 
test-plate,  is  put  in  connection  with  the  body  to  be  tested.  The  test 
is  really  a  comparison  of  the  electric  potential  of  the  body  to  be 
tested  with  that  of  the  earth,  and  is  made  thus : — The  test-plate 
is  first  connected  with  the  earth,  and  moves  to  such  a  distance  a1 
from  the  opposite  plate,  that  the  index  comes  to  its  sighted  posi- 
tion. The  plate  is  next  put  in  connection  with  the  body  to  be 
tested,  and  moved  to  a  fresh  distance  oa,  at  which  the  force  be- 
tween the  planes  is  the  same  as  before,  as  is  shown  by  the  index 
coming  to  the  same  position.  Then  if  x  be  the  potential  of  the 
body  to  be  tested,  we  have— 


gir.  a,2 


and  therefore* — 


i"r 


Now  —  is  a  constant,  for  aa  V  diminishes  or  increases,  so  in  an 
a 

equal  ratio  will  a. 

Thus,  the  above  equation  shows  that  in  each  instrument  the 
potential  of  the  body  tested  is  equal  to  a  constant  multiplied  into 
a  difference  of  the  distance  observed  between  the  two  planes  as 
described. 

The  potential  V  is  that  of  the  Leyden  jar  already  referred  to  ; 
and  the  above  equations  show  in  what  sense  the  indications  are 
independent  of  the  potential  of  that  charge.  They  show,  how- 
ever, that  the  actual  force  exerted  between  the  planes  is  increased 
rapidly  as  the  charge  increases ;  and  since  this  force  is  employed 
to  move  the  index,  the  use  of  a  highly-charged  plate  causes  the 
indications  of  the  instrument  to  he  comparatively  very  delicate. 


472 


SUBMARINE   TELEGRAPHY. 


The  use  of  the  jar  prevents  thia  charge  from  varying;  rapidly,  ioi 
much  aa  a  small  leakage  affects  the  potential  very  little  if  t 
whole  quantity  be  large,  but  would  rapidly  diminish  the  potential 
if  the  plate  of  it  were  not  in  connection  with  a  store  or  reserve  of 
electricity.  The  sign  of  the  difference  between  o,  and  aa  gives 
the  sign  of  the  potential  of  the  body  tested. 

(143)  Detection  of  Faults  In  a  Submarine  Cable.  — 
(Fleemmg  Jetihin,  Cantor  Zprfwrwi.)— Faults  in  cables  may  arise : 
1.  From  a  fracture  or  interruption  in  the  copper  conductor,  which 
nevertheless  remains  insulated  inside  the  gutta-percha  covez 
a.  From  n  fracture  of  the  copper  conductor  and  gutta-percha,  in 
which  a  considerable  length  of  copper  wire  remains  exposed  to  the 
wateT.  3.  From  the  copper  wire  and  gutta-percha  being  both 
broken,  but  little  copper  exposed.  +.  From  the  establish  men 
a  connection  between  the  iron  covering  and  the  copper  core  by  a 
nail  or  wire  driven  in.  5.  From  a  hole  in  the  gutta-percha  sheath 
establishing  a  connection  between  the  conductor  and  the  sea. 

The  position  of  Hh&Jirst  of  these  faults,  which  ia  of  course  fol- 
lowed by  a  total  cessation  of  all  communication  between  the  two 
ends  of  the  cable,  may  be  detected  in  two  ways.  The  charge 
which  thB  cable  will  contain  is  first  measured  (236),  and  if  the 
charge  per  knot  is  known,  the  amount  actually  observed  will 
directly  give  the  distance  of  the  break ;  and  the  accuracy  with 
which  the  position  of  the  fault  can  be  determined  is  limited  only 
by  the  accuracy  with  which  the  relative  charges  can  be  compared. 
Suppose,  for  example,  the  discharge  from  a  knot  of  the  cable, 
with  a  given  battery  and  reflecting  galvanometer  (145),  is  repre- 
sented by  a  deflection  of  jo  divisions,  and  the  discharge  from  a 
cable  containing  a  broken  copper  conductor  is  100  divisions,  we 
may  feel  certain  that  the  fault  is  about  10  miles  from  the  shore. 
Or,  secondly,  the  resistance  of  the  insulating  sheath  may  be 
measured.  Thus,  if  we  know  by  the  discharge  test  that  the  cable 
is  insulated  where  broken,  and  find  the  insulation  resistance  to  be 
1,000  units,  whereas  the  insulation  resistance  of  one  knot  is 
1,000,000  units,  we  may  conclude  that  the  fault  is  1,000  miles  off, 
aa  it  will  require  1,000  miles  of  sound  core  to  give  so  small  a 
resistance  as  1,000  units. 

A  fault  of  the  second  kind  likewise  wholly  stops  communication 
between  the  two  ends  of  the  cable.  In  this  case  the  resistance  of 
the  copper  conductor  measured  from  the  shore  measures  the 
distance  of  the  fault  We  know  the  resistance  per  knot,  and  if 
we  observe  500  times  the  resistance,  the  fault  is  500  miles  off,  the 
resistance  of  the  earth  itself  being  nil.  It  is  by  this  test  that  the 
operators  at  Valencia  are  able  to  tell  that  they  have  still  the  full 
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length  of  cable  between  them  and  the  spot  where  the  cable  was 
first  broken. 

The  third  class  of  fault  is  where  the  connection  between  the 
sea  and  the  copper  exists,  but  is  imperfect,  or  due  to  only  a  small 
area  of  exposed  copper.  It  possesses  considerable  resistance,  some- 
times more  than  that  of  all  the  copper  conductor  of  the  cable ;  and 
what  is  worse,  this  resistance  is  inconstant,  varying  rapidly  and 
capriciously  between  extremely  wide  limits.  The  test  for  resist- 
ance in  that  case  simply  tells  us  that  the  fault  cannot  be  beyond 
the  distance  corresponding  to  the  smallest  resistance  observed. 

The  fourth  kind  of  fault  corresponds  almost  exactly  in  behaviour 
to  the  second,  but  the  connection  with  the  sea  is  still  more  perfect. 
The  resistance  will  vary  still  less ;  and  there  will  be  a  total  absence 
of  the  feeble  currents  which  result  from  the  copper  and  iron  of  a 
cable  when  broken  and  separated  by  saltwater. 

The  Jifth  kind  of  fault  is  easily  detected.  There  is  a  considerable 
fall  in  the  insulation  resistance,  and  a  slight  or  moderate  fall  in 
the  apparent  resistance  of  the  copper  conductor  between  the  two 
stations  ;  but  messages  can  still  be  transmitted,  as  a  portion  only 
of  the  whole  current  inversely  proportional  to  tbe  resistance  of  the 
fault  escapes  into  the  sea.  If  one  Btation  insulates  the  cable,  and 
tbe  other  measures  the  resistance,  the  fault  behaves  like  a  fault  of 
the  third  class,  and  this  test  will  not  detect  its  position.  If,  bow- 
ever,  one  resistance  of  the  fault  remain  constant,  and  two  measure- 
ments of  resistance,  R  and  r,  be  made  from  station  A,  when  station 
B  respectively  insulates  the  end  of  the  cable  and  connects  it  with 
the  earth,  we  obtain  two  equations,  concerning  the  resistances  in 
which  there  is  only  one  unknown  quantity — viz.,  the  resistance  of 
tbe  fault.  When  this  is  eliminated,  the  following  equation  is 
obtained : — 

D  =  r-</^R-r)(L-r) 

where  D=the  resistance  of  the  conductor  between  the  fault  and 
tbe  observer,  and  L=the  resistance  of  the  whole  conductor  be- 
tween the  stations.  Successive  tests  from  the  two  stations,  the 
distant  end  being  insulated  in  each  case,  will  also  give  two  equa- 
tions, by  which,  on  the  same  supposition  that  the  resistance  of  I  lie 
fault  remains  constant,  its  position  can  be  determined.  Then 
calling  K  and  II L  the  resistance  in  the  two  cases,  we  have — 

L  +  (B-Bi) 

2 

When  D  is  the  resistance  of  the  conductor  between  the  station 
which  observed  the  resistance  R  and  the  fault,  and  when  a  return 
insulated  wire  can  be  substituted  for  the  earth,  so  that  the  observer 
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has  both  enda  of  a  complete  metallic  circuit  before  him,  the  posi- 
tion of  a  fault  such  as  is  described,  even  of  a  varying  resistance, 
can  be  accurately  determined.  Varley  uses  a  differential  galvano- 
meter (144)  to  ascertain  when  an  equal  current  runs  into  both 
ends  of  the  metallic  circuit  and  out  at  the  fault.  This  will  only 
be  the  case  when  the  resistance  between  the  galvanometer  and  the 
fault  is  the  same  by  both  roads.  This  condition  is  easily  fulfilled 
by  adding  resistance  coils  between  one  coil  of  the  galvanometer; 

Fi£.  391. 


and  the  defective  wire.  The  resistance  which,  must  thus  be  added, 
to  bring  the  galvanometer  to  zero,  is  obviously  equal  to  twice  the 
resistance  of  the  metallic  conductor  between  the  fault  and  the 
distant  station.  Wheatstone's balance  (no)  may  be  so  arranged  as  to 
give  another  method,  by  making  the  connections  as  in  Fig,  393, 
where  the  fault,  supposed  to  be  at  0,  forms,  as  it  were,  part  of  the 
galvanometer  wire.  In  this  case,  as  in  the  preceding,  a  variation 
in  the  resistance  of  the  fault  does  not  affect  the  result ;  it  will 
cause  a  greater  or  less  deflection  of  the  galvanometer  until  the 
desired  balance  is  effected ;  but  it  will  not  alter  the  relative  resist- 
ances of  the  several  parts  of  the  main  circuit  required  to  reduce 
the  deflections  to  zero. 

The  teat  is  made  by  adjusting  the  relative  resistances  of  A  and 
B  until  no  deflection  is  obtained;  then  the  fault  will  be  at  a  point 

such  that  u  —  pi  where  C  and  D  represent  the  resistance  of  the 

conductor,  separating  m  from  the  fault,  and  n  from  the  fault. 
When  the  total  resistance  of  the  conductor  is  known,  this  will 
give  the  positions  of  the  fault  very  accurately, 

Mr.  John  Murray,  of  Glasgow,  is  said,  fay  Professor  Thomson 
{F,  Jenkin),  to  have  first  applied  this  test  on  board  the  Niagara, 
during  the  first  Atlantic  expedition.    It  was  re-invented  by  F. 
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Jenkin,  and  may  be  used  to  detect  very  emn.ll  faults,  even  on  short 
langttft 

Another  plan  of  determining  the  position  of  a  fault  of  thiB 
nature,  is  the  joint  invention  of  Professor  Thomson  and  Mr. 
Fleeming  Jenkin  (Cantor  Lectures).  The  connections  required 
are  shown  in  Fig.  393,  where  o  is  a  galvanometer;  s  aa  elec- 

Fig.  394. 


trometer  at  the  same  station;  s(  an  electrometer  at  a  distant 
station,  where  the  end  of  the  submerged  cable,  a  b,  1b  insulated. 
The  battery  c  s  is  connected  with  the  other  end  of  the  cable. 
Then  let  c  =  the  current  observed  at  the  galvanometer  >  v  the 
potential  at  the  distant  station ;  6  =  the  length  of  the  cable ; 
K  the  resistance  of  the  unit  lengths  of  the  conductor ;  »  the  resist- 
ance of  the  unit  length  of  insulator  to  conduction  across  the  sheath; 
and  let 


J\ 


All  these  quantities  may  be  known,,  and  should  be  measured  in  the 
so-called  absolute  units,  or  other  equally  coherent  system.  Let 
X  be  the  distance  of  the  fault  from  the  ship  or  galvanometer  sta- 
tion :  then — 

1    ,         P 


when 


F  =  V+  -e-U 


and 


D  =  U 


-"'  +  5  o  -  V. 


Undoubtedly  this  test  is  not  of  so  simple  a  nature  that  it  could  be 
executed  by  a  elerk,  but  it  is  interesting  to  know  that  a  test  does 
exiBt  by  which  even  a  fault  of  this  description,  which  has  hitherto 
baffled  electricians,  can  have  its  positions  fixed  with  mathematical 
certainty.    This  is  the  more  important,  as  the  connections  shown 
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in  the  figure  are  precisely  those  which  are  the  heat  adapted  for 
testa  during  the  submersion  of  a  cable.  The  marine  galvanometer 
o  would  give  one  test  of  insulation,  the  electrometer  s  a  second 
one,  the  electrometer  s,  a  third  test  on  shore.  The  shore  would 
speak  to  the  ship  without  causing  a  suspension  of  the  insulation 
test,  either onsoro;  and  even  when  the  ship  speaks  to  the  shore, 
the  electrometer  s  will  maintain  the  insulation  test,  as  it  is  not 
affected,  like  the  galvanometer,  by  the  rush  of  the  current  in  and 
out  of  the  cable,  as  it  is  partly  discharged  or  additionally  charged 
by  the  withdrawal  or  addition  of  part  of  the  battery  power.  The 
electrometers  have,  on  the  same  grounds,  a  superiority  over  the 
galvanometers  in  their  behaviour  under  the  influence  of  earth- 
currents  or  the  rolling  of  the  ship. 


PART  X. 

ELECTRIC  CLOCKS. 


MISCELLANEOUS   PRACTICAL  APPLICATIONS  OF   ELECTRICITY. 

Electric  Clocks:  Bain's,  Whetstone's,  Jones's,  Breguet's,  Shepherd's, 
Koosen's — Chronoscopes — Chronographs — Electric  Thermometers — Elec- 
tric Target — Electric  Log — Electric  Break — Electric  Boiler  Feed — Elec- 
tric Hydroatati  meter — Electric  Engraving  Machine — Electric  Loom — 
Si-searches  of  Wilde — The  Quantity  of  Electricity  given  by  Induction 
Machines. 

(244)  Electric  clocks. — Bern's. — The  mechanism  of  this  in- 
genious instrument,  which  was  exhibited  in  the  Bpring  of  1841  at 
the  Polytechnic  Institution,  will  be  understood  from  Figs.  395 
and  396. 

n  (Fig.  394)  is  a  back-view  of  an  ordinary  clock  with  a  pendulum  vibrate 
ing  seconds;  c,  a  plate  of  ivory  affixed  to  the  frame  of  the  clock,  in  the  mid- 
dle of  which  is  inserted  a  slip  of  brass  in  connection  with  the  positive  pole  of 
a  voltaic  battery.  To  the  pendulum  is  attached  a  very  light  brass  spring,  ?, 
in  such  a  manner  that  every  vibration  of  the  pendulum  brings  the  free  end 
of  the  spring  into  contact  with  tine  strip  of  brass,  thus  completing  the  elec- 
tric circuit,  which  is  broken  as  soon  as  the  spring  touches  the  ivory.  A 
series  of  electric  clocks  may  be  connected  by  means  of  the  wires  with  this 
clock,  and  if  a  voltaic  battery  be  included  in  the  circuit,  they  will  all  go 
together. 

Fig.  395  is  a  back-view  of  one  of  the  electric  clocks :  a  is  an  electro-magnet, 
and  b  its  feeder,  suspended  by  a  spring,  pendulum -fashion ;  c  is  a  small 
screw,  to  regulate  the  distance  of  the  feeder  from  the  electro-magnet.  At 
the  lower  end  of  the  feeder  is  jointed  a  light  click-lever,  d,  falling  into  tha 
teeth  of  a  ratchet-wheel,  e ;  f  is  a  spring  to  keep  the  ratchet-wheel  steady. 
When  the  pendulum  of  the  clock  sends  an  electric  current  through  tha 
conducting  wire,  the.  feeder  is  attracted  by  the  magnet,  and  the  click  lever 
d  takes  over  oue  tooth  of  tha  ratchet-wheel ;  upon  the  current  being  arrested 
(by  the  spring  v  of  the  pendulum,  leaving  the  slip  of  brass  in  the  primary 
clock),  the  feeder  falls  back  into  its  former  position,  and  causes  the  click- 
lever  to  draw  the  ratchet-wheel  one  tooth  forward.  The  arbor  of  the 
rachet-wheel  carries  the  seconds-hand,  which  is  thus  taken  forward  ona 
degree  every  second,  corresponding  to  the  vibration  of  the  clock  B.  A  pinion 

the  ratchet-arbor  gives  motion  to  other  simple  wheel  work,  which  carries 
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the  minute  and  hour  bands.    When  a  large  number  of  clocks  have  la  bo 
worked,  the  ratchet-wheel  is  placed  ou  the  arbor  of  the  mtnute-hfind,  and  is 


Pig.  J9j. 


Fig.  396. 


■jbb 


moTed  every  minute  instead  of  every  second.  An  ivory  circle,  with  slips 
or  studs  of  metal  inserted  flush  with  its  face,  corresponding  to  the  num- 
ber of  clocks  intended  to  be  worked,  J9  fixed  on  the  face  of  the  regulating  or 
primary  clock;  in  the  centre  of  this  circle  is  placed  the  arbor  of  the 
seconds-band  of  the  clock,  upon  which  is  fixed  a  slight  metal  spring,  with 
its  free  end  in  contact  with  the  ivory  circle.  The  conducting  wire  from  the 
positive  pole  of  the  battery  is  in  connection  with  the  framework  of  the 
clock;  every  time,  therefore,  that  the  seconds-hand  passes  over  a  metal 
stud  in  the  ivory  circle,  an  electric  circuit  is  completed,  and  a  current  trans- 
milted  to  the  clock,  or  group  of  clocks,  in  connection  with  that  particular 
stud.  As  the  seconds-hand  passes  over  every  portion  of  the  circle  once  in 
each  minute,  the  whole  number  of  clocks  thus  connected  with  the  regulating 
clock  will  be  moved  forward  one  degTee  every  minute.  By  this  means  a 
large  proportion  of  electric  power  is  saved,  for  the  battery  has  only  a  single 
clock,  or  a  small  group  of  clocks,  to  work  at  the  same  instant  of  time. 

JSain'ir  Electric  Peiuhditjw, — -These  are  shown  in  Figs.  397  and 
398  {History  of  Electric  Clocks,  by  Alexander  3am).  In  Fig.  397, 
the  wooden  pendulum  is  suspended  from  a  metal  bracket,  h,  which 
is  firmly  fixed  to  the  board  A  A.  The  bob  of  the  pendulum  n  h 
composed  of  a  reel  of  insulated  copper  wire,  having  (merely  to 
improve  the  appearance)  a  brass  covering ;  the  ends  of  the  wire 
are  carried  up  the  rod,  and  terminate  in  two  suspension  sprhi 
and  j,  which  serve  the  double  purpose  of  suspending  the  pendulum 
and  conveying  electricity  to  and  from  the  wire  in  the  bob  a ;  n  n 
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or  the  flags  of  the  area,  is  a  suitable  position  for  sinking  the  plates ; 
or  they  may  be  placed  in  any  other  situation  where  free  access 
may  be  had  to  the  moist  soil.  In  country  establishments  there 
will  be  no  difficulty,  as  the  plates  may  be  buried  in  any  part  of 
the  garden  ;  n  and  d'  are  wires  connecting  the  zinc  and  carbon 
with  the  pendulum.  These  wires  should  be  entirely  insulated, 
and  for  this  purpose  gutta-percha  is  the  beat  material ;  thus  pro- 
tected, they  may  be  carried  to  any  distance  in  any  manner  most 
convenient 

The  zinc  and  carbon  should  be  buried  in  the  soil  at  least  three 
feet  deep,  and  should  not  be  less  than  four  feet  apart.  To  unite 
the  wire  D  with  the  zinc  plate,  it  may  be  simply  soldered  ;  but  in 
uniting  the  wire  d'  with  the  carbon,  a  piece  of  platinum  wire  must 
be  soldered  to  the  end  of  the  copper  wire,  and  the  other  end  of  the 
platinum  wire  tied  firmly  round  a  small  piece  of  the  carbon  and 
placed  in  the  centre  of  the  mass.  Especial  attention  must  be  given 
to  this,  as  it  has  been  found  in  every  instance,  that  if  the  copper 
wire  come  into  contact  with  the  carbon  it  will  inevitably  corrode. 

Another  plan,  equally  good,  is  to  drill  a  small  hole  in  a  piece  of 
£he  carhon,  and  drive  in  a  plug,  likewise  made  of  carbon,  with  the 
end  of  the  platinum  wire.  If  the  plate  c  be  composed  of  copper, 
it  will  simply  be  necessary  to  solder  the  copper  wire  to  it  The 
break  is  composed  of  two  metal  standards,  a  and  6,  fixed  to  the 
back  of  the  case ;  e  is  a  wooden  or  ivory  bar,  fixed  (but  easily 
moveable)  in  the  standards  by  means  of  binding-screws.  On  the 
surface  of  the  end  of  the  wood  or  ivory  bar/  is  inserted  a  strip  of 
gold  concave  on  the  upper  Burface,  as  seen  at  P,  Fig.  399,  which  is 

Fig,  399. 


B 


in  metallic  contact  with  the  standard  b.  At  the  end,  g,  of  the  bar 
is  inserted  (bound  in  a  metal  ring)  a  small  piece  of  agate  and  a 
piece  of  gold,  both  semicircular,  represented  in  Fig.  399 ;  the  light 
part  being  the  gold,  the  dark  part  the  agate,  with  a  shallow  groove 
cut  in  the  surface  of  each,  similar  to  that  in  the  gold  at  F.  In  the 
grooved  part  of  the  agate,  and  perfectly  flush  with  the  surface,  is 
inserted  a  plug  of  gold.  The  plug  of  gold  u  in  metallic  connec- 
tion with  the  bracket  a.  The  semicircular  piece  of  gold  is  to  form 
the  connection  with  other  clocks  at  a  distance ;  f  g  represents  a  thin- 
kneed  bar,  the  ends  of  which  rest  and  slide  freely  in  the  groovea 
or  concave  parts  already  described;  s  is  the  regulating' weight 
which  brings  the  pendulum  to  time.    The  opening  in  the  interior 
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of  the  reel  b  is  large  enough  to  permit  the  pendulum  to  rob 
freely,  without  the  liability  of  touching  the  tubes  w  n.  The  sus- 
pension spring,/,  being  connected  by  a  wire  with  the  carbon,  if  the 
end  of  the  kneed  bar  rest  on  the  gold  plug  in  the  agate,  the  elec- 
tric circuit  will  be  complete,  and  the  course  of  that  current  may 
be  thus  described.  The  current  in-  supposed  to  begin  at  the  plate 
of  rino  iu  the  ground,  thence  through  the  moisture  of  the  earth  to 
the  carbon,  then  through  the  wire  d't  as  shown  by  the  arrows,  to  the 
spring/,  through  the  spring? (Iowa  a  wire  to  the  coil  of  the  insu- 
lated WIW  io  the  bob  B,  which  it  permeates,  and  thence  by  the 
wire  1  to  the  spring  i,  to  the  bracket  a  of  the  break,  through  the 
[gold  plug  in  the  agate  to  the  point  g  of  the  bar  (if,  then  through 
tin  luir  to  the  bracket  b,  and  returning  by  the  wire  t»  to  the  zinc 
plate,  as  shown  by  the  arrows. 

The  mechanism  and  the  means  of  es'ablishlng  the  golvonic 
power  being  thus  explained,  the  manner  ol'  h<  operation  remains 
to  be  described.  When  the  electricity  is  thus  pudngj  it  Deaden 
the  coil  of  the  wire  in  the  bob  n  magnetic;  that  is,  it  gives  it  all 
the  properties  of  a  magnet  with  dissimilar  poles,  X.  and  S.  In  the 
diagram  the  Ni  pole  is  to  the  right-hand,  and  the  S.  pole  to  the 
left.  Now  the  permanent  magnets  having  their  X.  poles  inwards 
next  to  the  coil,  it  is  evident,  by  the  well-known  law  of  magnet- 
ism, that  the  X.  pole  of  flu-  left-hand  magnet  will  attract  the  S. 
pole  of  the  coil ;  while,  at  the  same  instant,  the  X.  pole  of  the  right- 
hand  magnet  will  repel  the  X.  pole  of  the  coil,  end  by  means  of 
these  actions  the  pendulum  will  receive  an  impetus  towards  the 
left.  It  cannot,  under  these  circumstances,  hang  perpendicularly  ; 
but  if  the  galvanic  current  is  broken  (which  can  be  done  by  slid— 
jog  the  bar  §  f  a  little  to  the  left,  till  the  point  is  off  the  gold  plug), 
the  coil  being  no  longer  magnetic,  the  magnet  will  have  nofurtli -r 
effect  upon  it;  the  pendulum  is,  therefore,  free  to  go  back  in  the 
contrary  direction.  The  pendulum  itself  gives  motion  to  the  slid- 
ing bar  by  mean*  of  the  pin  d,  which  projects  from  the  rod,  and 
acts  on  the  kneed  part  of  the  bar.  If  we  now  take  hold  of  the 
pendulum  with  the  hand,  and  move  it  to  the  right  till  the  point 
nf  the  bar  is  on  the  gold  ploy,  and  then  let  it  swing  back,  it  re- 
eeivea  an  impulse  from  the  magnets  as  just  explained.  When  it 
arrives  at  the  end  of  it*  excursion  to  the  left)  it  will  of  itself  push 
the  sliding  bar  off  the  gold  plug;  the  power  will  then  eeaee,  and 
it  is  free  to  return  to  the  right-hand  by  its  own  momentum,  until 
it  pushes  the  sliding  bar  again  on  to  the  gold  plug,  and  thereby 
receiving  another  impulse,  will  continue  its  vibrations,  which  will 
increase  in  length  till  the  point  of  the  sliding  bar  is  ciuxied  bcvmid 
the  surface  of  the  plug  on  the  right,  and  partly  on  to  the  agate,  this 

II 
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action  cutting  off  a  great  portion  of  the  electric  current ;  and  if 
the  vibration  increase  in  the  smallest  degree,  the  power  during 
one  vibration  is  entirely  cut  off. 

In  this  way  the  pendulum  is  kept  precisely  at  one  given  arc  of 
vibration,  however  variable  the  electric  current  may  be,  provided 
only  that  there  be  always  sufficient  power.  It  may  be  here  re- 
marked, that  the  lower  the  break  is  placed  with  reference  to  the 
pendulum,  the  greater  will  be  the  accuracy  of  its  vibration.  This 
-governing  principle  of  the  break  is  a  most  important  feature  in  the 
invention,  and  is  accomplished  without  any  extra  work  or  friction. 
For  large  church  clocks  an  apparatus  termed  a  mutator  is  employed, 
which,  instead  of  cutting  off  the  current,  changes  its  direction,  so 
that  the  pendulum  receives  its  impulse,  both  from  right  to  left,  and 
from  left  to  right,  but  it  has  the  same  governing  principle  as  the 
break  just  described. 

Another  arrangement  of  pendulum  is  represented  in  Fig.  398, 
with  its  earth  battery  and  connecting  wires.  The  magnets  are  in 
'the  bob  of  the  pendulum,  and  the  coils  of  wire  are  fixed  to  the 
'case ;  or  in  other  words,  the  permanent  magnets  move,  and  the 
temporary  magnets,  viz.  the  coils  of  wire,  d  d,  are  fixed  : — 

b  is  the  pendulum-rod  suspended  in  the  ordinary  way  by  a  single  steel 
spring  to  the  bracket  a ;  c  c  are  two  semicircular  permanent  steel  magnets 
having  N.  poles  pointing  to  the  left,  and  S.  poles  pointing  to  the  right. 
d  d  are  two  oblong  coils  of  insulated  copper  wire,  fixed  to  the  back  of  the 
cave,  the  opening  in  the  coils  being  large  enough  to  allow  the  bob  of  the 
pendulum  to  move  freely  without  the  liability  of  touching.  The  break  in 
this  case  is  the  same  in  principle  and  action  as  that  already  explained,  but 
the  connecting  parts  are  covered  with  brass  caps,  to  exclude  the  dust.  The 
action  is  as  follows : — 

When  the  galvanic  current  is  let  on,  the  coil  (/attracts  the^T.  poles  of  the 
magnets  of  the  pendulum-bob ;  at  the  same  time  the  coil  tf  repels  the  S. 
pole;  the  pendulum  thus  gets  its  impulse  to  the  left,  and  the  current  being 
cut  off  by  the  break,  as  explained  in  the  description  of  Fig.  397,  the  pen- 
dulum is  free  to  return  by  its  own  momentum,  and  the  motion  is  thus  per- 
petuated. 

It  will  be  observed  that  these  pendulums  are  moved,  not  by 
mechanical  means,  which  involve  friction  and  wear,  but  by  mag- 
netic power  in  which  there  is. none  of  either ;  "and  even  that  power 
is  applied  at  the  utmost  in  every  second  vibration,  though  in  actual 
practice  it  is  not  in  full  force  more  than  once  in  every  fifth  vibra- 
tion, the  only  friction  (which  is  very  slight)  being  the  sliding  bar 
f  g  on  the  break.  The  pendulums  are  regulated  to  time  in  the 
ordinary  way,  by  raising  or  lowering  the  weight  B,  or  by  raising 
or  lowering  the  bob  itself. 

Communication  of  Motion  to  the  Hands  of  the  Clock.  —  The 


to  each  other  in  the 
usual  manner ;  fixed 
to  the  top  of  the 
frames  i*  a  ernsa-bnr 
to  -which  the  pen- 
dulum inny  be  sus- 
pended ;  r  is  the  top 
portion  of  the  pcn- 
dulum.  which  is  sus- 
pended at.  d ;  f  is 
the  crutch,  shown 
by  two  dotted  lines, 
Inning  its  axis  at  e; 
on  the  same  axis  is 
the  arm  ht  which 
carries  the  click  »; 
h  and  t  are  projec- 
tions from  the  inner 
part  of  the  hack 
frame ;  these  are 
the  bearings  of  a 
spindle  which  car- 
ries the  ratchet- 
wheel  at  i.  and  a 
worm  which  woitrj 
into  the  feet  h  of  the 
wheel  nt,  the  arbor. 

o!  the  wheel  jini- 
jecting  through  the 

front  frame. 

The  action  is  as 
follows  : — The  pen- 
dulum-rod, in  its 
excursion  to  the  left, 
comes  against  the 
projecting  pin  if, 
which    is    fixed    in 

the  lower  end  of  the  crutch,  and  probes  it  aside  ;  this  fiction  gives 
similar  motion  through  the  crutch  and  axle  e  to  the  arm  !i  and 
click  j,  and  this  causes  the  point  of  the  click  to  slip  over  one  tooth 

n2 
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of  the  ratchet-wheel.     When  the  pendulum  takes  its  exctn>inn 
to  the  right,  the  crutch  follows  by  means  of  its  own  weight  (or  a 
small  weight  attached  to  it),  and  the  click  1  pushes  the  ratchet- 
wheel  forward  the  space  of  one  tooth  ;  the  worm  gives  motion  to 
the  wheel  m,  and  this  to  the  dialwork  and  hands  in  the  usual 
niauner.  The  pendulum,  besides  this,  lets  on  currents  of  electfi 
to  other  clocks  or  indicators  at  any  distance  ;  and  this  important 
object  it  accomplishes  without  any  wear  or  tear,  and  without  unv 
friction ;  for  when  the  point  g  of  the  bar  is  off  the  gold  plug, 
which  is  in  connection  with  the  pendulum,  it  is  moved  on  to  the 
gold  grooved  plate,  which  is  connected  with  the  distant  clocks,  thus 
letting  on  the.  current  to  the  pendulum  and  clocks  at  a  distance 
alternately.     By  this  arrangement  there  is  a  great  economising  of 
electric  power:  as,  when  the  current  is  cut  off  from  the  clocks, 
it  is  working  the  pendulum,  and  when  cut  oiffrom  the  pendulum, 
it  is  working  the  clocks ;  and  thus  there  is  no  moment  when  the 
electric  current  is  not  in  practical  operation. 

The  Affiliated  vt  Companion  Ctoefc — The  mechanism  of  one  of 
these  clucks  is  shown  in  Pig.  401, 

Fig.  401. 


$ 


[* 


wheatstose's  electric  CLOCK. 


a  a  is  a  brass  plate  to  which  the  dial  and  all  parts  of  the  mechanism  are 
fixed;  ee  are  reels  filled  with  insulated  copper  wire;  dis  a  semicircular 
permanent  steel  magnet,  a  similar  one  being  on  the  other  side.  These 
magnets  are  fixed  to  an  axle  by  means  of  arms,  poles  of  the  same  name 
being  opposite  each  other;  and  the  poles  vibrate  freely  in  the  interior  of  the 
coils.  These  coils  are  joined  to,  and  form  part  of,  the  electric  circuit  with 
the  parent  clock,  and  by  the  transiuKsJofl  ■  '  electric  currents  from  thence, 
the  magnets  d  vibrate  in  unison  with  the  pendulum. 

Having1  thus  obtained  uniform  motion  between  the  pendulum  of  the 
parent  clock  and  the  magnets  of  the  affiliated  ones,  it  remains  to  be  shown 
how  motion  is  given  to  the  hands  of  the  latter:  f  is  a  small  frame  fixed  on 
the  same  axle  as  the  magnets.  This  frame  carries  the  little  click  g,  which 
acts  in  the  teeth  of  the  ratchet-wheel  h\  this  wheel  is  carried  by  the  spindle 
i,  in  which  is  a  screw  or  worm  Working  in  the  teeth  of  the  wheel  w,  more 
clearly  shown  in  Fig.  401;  the  axle  of  this  wheel  projects  through  the  plats 


Pig.  tftL 


a  a,  and  gives  motion  to  the  hands  in  the  ordinary  way,  /is  a  straight 
steel  spring  to  keep  the  ratchet-wheel  from  going  back  with  the  click;  k  is 
a  bearing  for  «M>  end  of  the  axle  of  the  wheel  w;  the  other  bearing  is  in  the 
plate  a  a;  b  represents  the  back  of  the  dial-plate. 

Wk$atttme*»  Electric  Clock. — Tina  instrument  was  exhibited 
and  explained  at  the  Royal  Society,  Nov.  2.5,  184x1.  In  its  con- 
struction, nil  the  parts  employed  in  a  clock  for  maintaining  and 
regulating1  the  power  Are  entirely  dispensed  with.  It  consists 
simply  of  a  face  with  its  second,  minute,  and  hour-hands,  and  of  a 
train  of  wheels  which  communicate  motion  from  the  arbor  of  the 
seconds'-hand  to  that  of  the  huur-hand  in  the  same  manner  as  in 
an  ordinary  clock  train ;  a  small  electromagnet  is  caused  to  act 
upon  a  peculiarly  constructed  wheel  placed  on  the  seconds'  arbor 
in  such  a  manner  that  whenever  the  temporary  1iMif.n1eli.s1n  is  either 
produced  or  destroyed,  the  wheel,  and  consequently  the  seconds'- 
hand,  advance  one-sixtieth  part  of  its  revolution.  On  the  axis 
which  carries  the  scape-wheel  of  the  primary  clock  a  small  disc  of 
brass  is  fixed,  which  is  divided  on  its  circumference  into  sixty  equal 
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parts ;  each  alternate  division  is  then  cut  out  and  filled  with  apiece 
of  wood,  so  that  the  circumference  consists  of  thirty  regular  alterna- 
tions of  wood  and  metal.  An  extremely  light  hrass  spring,  which 
is  screwed  to  a  hlock  of  ivory  or  hard  wood,  and  which  has  no 
connection  with  the  metallic  parts  of  the  clock,  rests  by  its  free 
end  on  the  circumference  of  the  disc.  A  copper  wire  is  fastened 
to  the  end  of  the  spring,  and  proceeds  to  one  end  of  the  wire  of 
the  electromagnet ;  while  another  wire  attached  to  the  clock  frame 
is  continued  until  it  joins  the  other  end  of  that  of  the  same  elec- 
tromagnet. A  constant  voltaic  battery,  consisting  of  a  few  ele- 
ments of  very  small  dimensions,  is  interposed  in  any  part  of  the 
circuit.  By  this  arrangement  the  circuit  is  periodically  made  and 
broken  in  consequence  of  the  spring  resting  for  one  second  on  a. 
metal  division,  and  the  next  second  on  a  wooden  division.  The 
circuit  may  be  extended  to  any  length,  and  any  number  of  electro- 
magnetic instruments  may  be  thus  brought  into  sympathetic  action 
with  the  standard  clock.  '  It  is  necessary  to  observe  that  the  force 
of  the  battery  and  the  proportion  between  the  resistances  of  the 
electro-magnetic  coils,  and  those  of  the  other  parts  of  the  circuit, 
must,  in  order  to  produce  the  maximum  effect  with  the  least  ex- 
penditure of  power,  be  varied  to  suit  each  particular  case. 

Jones' 8  Electric  Clock. — Clocks  worked  by  electricity  are  usually 
either  driven  by  the  galvanic  current  or  regulated  by  the  release 
of  an  escapement  In  these  plans,  if  the  battery  gets  out  of  order; 
if  the  communicating  wire  is  broken  or  badly  insulated  j  or  if  any 
of  the  contacts  are  defective,  the  clock  stops  altogether;  and  it  is 
probably  this  serious  defect  which  has  hitherto  limited  an  applica- 
tion of  electricity  which  at  first  sight  would  appear  to  offer  very 
considerable  advantages.  Jones's  plan  (Jurors'  Report  on  Electri- 
cal Instruments,  International  Exhibition,  1862)  consists  simply  in 
checking  any  irregularity  of  beat  in  the  pendulum  of  clocks  to  be 
controlled,  by  a  current  passed  from  a  standard  controlling  or 
regulating  clock,  through  coils  forming  part  of  their  pendulum- 
bobs.  Permanent  magnets  are  fixed  on  one  or  both  sides  of  the 
centre  of  the  arcs  of  vibration  of  these  pendulums,  and  the  current 
at  the  moment  of  its  passage  influences  the  position  of  these 
pendulums  relatively  to  the  fixed  magnets.  If  the  pendulum  ap- 
proach the  extremity  of  its  arc  of  vibration  a  little  behind  time, 
it  is  accelerated,  if  a  little  before  time  it  is  retarded.  The  current 
sent  by  the  regulating  clock  may  vary  in  strength  within  very 
wide  limits,  but  only  a  feeble  current  is  absolutely  necessary,  since 
the  amount  of  correction  required  at  each  beat  is  in  every  case 
very  small  indeed.  The  current  acts  solely  as  a  corrector  of  errors, 
and  should  any  of  the  above-mentioned  accidents  occur  to  inter- 
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rupt  it,  tbe  controlled  clocks  will  not  stop,  but  will  simply  keep, 
their  own  time  independently  until  the  current  is  again  passed. 

Thus  this  method  eifects  all  that  can  be  done  by  the  moat  per- 
fect and  delicate  sy sterna  of  electric  experiments,  and  at  the  Baine 
time  entirely  avoids  the  risk  of  failure  inseparable  from  even  the 
best  of  th&je  plans.  Moreover,  it  requires  no  accuracy  of  construc- 
tion, mid  might  he  applied  tfl  almost  any  form  of  clock. 

Bret/net's  Electric  Clock. — Instead  of  correcting  all  the  secondary 
or  controlled  clocks  once  a  second,  or  once  at  every  beat  of  tbe 
pendulum,  M.  Breguet  corrects  them  only  once  or  twice  every 
twelve  hours,  by  bringing  tbe  minute-hand  exactly  to  the  hour 
point.  This  is  done  in  the  simplest  manner,  by  a  little  train  of 
wheels  driven  from  a  barrel-spring,  and  set  free  by  an  electro- 
magnetic detent  at  tbe  moment  of  correction;  two  small  cams, 
one  on  each  side  of  a  projection  connected  with  the  minute-band, 
ue  turned  once,  round  by  this  train  of  wheels ;  if  the  minute-hand 
be  behind  its  time,  one  of  these  cams  moves  it  on  ;  if  it  be  before 
its  time,  the  other  nan  DMOTH  it  back.  This  method  is  simple 
and  effective  where  no  extreme  accuracy  is  required  between  the 
long  intervals  of  correction.  It,  moreover,  avoids  the  difficulty  of 
milking  good  contacts  from  the  pendulum  of  the  standard  clock 
without  some  injury  to  its  time-keeping  qualities,  a  danger  which 
Jones's  method  does  not  provide  for. 

Shipheid'sIZleetia-Matiuttir  Clock. — In  this  apparatus,  which  was 
a  prominent  object  in  tbe  International  Exhibition  of  1851,  and 
which  has  been  exclusively  vised  in  public  and  private  establish- 
ments, the  pendulum  is  so  arranged  as  to  make  and  break  an  electric 
circuit,  and,  consequently,  to  make  and  unmake  aborseshoe  magnet 
at  each  vibration.  Each  time  that  a  magnet  is  made,  it  attracts 
an  armature  which  lifts  certain  levers  ;  one  of  these  raises  a 
weighted  lever,  aud  causes  it  to  be  held  up  by  a  detent  or  latch  ; 
the  magnet  is  then  unmade  in  consequence  of  the  pendulum  break- 
ing the  circuit,  and  the  armature  is  released,  when  the  pendulum 
lifts  the  latch  aud  allows  the  weighted  lever  to  fall,  which,  in 
falling,  strike*  the  pendulum  so  as  to  give  it  an  adequate  impulse; 
theu  the  circuit  is  again  completed,  the  armature  attracted,  the 
levers  moved,  and  the  weight  raised  and  held  up  by  a  detent; 
another  vibration  breaks  the  circuit  and  raises  the  armature,  the 
pendulum  then  raises  the  detent,  the  weight  falls,  and  in  falling, 
nn  strikes  the  pendulum  and  gives  it  an  impulse,  and  so  on. 

But  the  pendulum  at  each  vibration  not  only  makes  and  breaks 
the  electric  circuit  of  the  battery,  which  maintains  its  own  action, 
but  also,  and  simultaneously,  that  of  a  seeuud  Lattery,  the  duty  of 
which  is  to  make  and  unmake  the  electro-magnets  belonging  ex- 
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elusively  to  the  clock  or  clocks  which  are  upon  this  circuit.  These 
electro-magnets  act  upon  the  extremes  of  one  or  more  horizontal 
bar-magnets,  so  as  alternately  to  attract  and  repel  their  opposed 
poles ;  on  the  axis  of  these  bar-magnets  are  the  pallets  by  the 
alternating  motions  of  which  to  the  right  and  left  the  ratchet- 
wheel  is  propelled  onwards  at  the  rate  of  a  tooth  each  second ; 
and  the  axis  of  the  ratchet-wheel  carries  the  pinion  which  moves 
the  other  wheels  of  the  clock. 

The  circuit  of  the  battery  connected  with  the  striking  part  of 
the  clock  is  only  completed  once  in  an  hour,  and  is  connected  with 
an  electro-magnet  so  arranged,  as  by  means  of  a  proper  lever,  to 
pull  the  ratchet-wheel  attached  to  the  notched  striking-wheel  one 
tooth  forward  every  two  seconds,  and  each  tooth  is  accompanied 
by  a  blow  on  the  electro-magnetic  bell.  The  number  of  blows 
depends  upon  the  notched  wheel,  the  spaces  on  the  circumference 
of  which  are  adapted  to  the  number  to  be  struck,  and  when  this  is 
complete  a  lever  falls  into  the  notch,  and  so  doing,  cuts  off  the 
electric  current,  which  is  not  re-established  through  the  striking 
electro-magnet  till  the  next  hour,  when  a  peg  upon  the  hour- wheel 
pushes  the  striking  lever  forward  so  as  cause  it  to  be  depressed  by 
a  similar  peg  upon  the  minute-wheel. 

There  were  many  examples  of  electric  clocks  in  the  International 
Exhibition  of  1862.  One  by  J.  H.  Koosen  (Saxony),  was  remark- 
able as  not  being  driven  or  controlled  from  a  standard  or  primary 
clock,  but  is  entirely  independent,  and  keeps  time  without  the  aid 
of  a  pendulum.  It  consists  of  an  electromotor  of  simple  form, 
and  a  regulator.  The  speed  is  regulated  by  a  centrifugal  governor 
so  arranged  as  to  interrupt  the  electric  circuit  in  the  electromotor 
whenever  the  required  speed  is  exceeded.  The  centrifugal  gover- 
nor is  so  disposed  as  to  be  extremely  sensitive  to  small  variations 
of  speed.  The  force  of  a  spring  is  made  use  of  instead  of  the  force 
of  gravitation,  to  restrain  the  centrifugal  force  of  the  governor  balls, 
and  this  spring  is  so  adjusted  with  reference  to  the  rotating  mass, 
that  the  slightest  excess  of  speed  above  that  required,  causes  a 
great  deviation  from  the  axis.  It  will  be  easily  seen  that  with  a 
sufficiently  powerful  current  the  wheelwork  will  be  driven  at  a 
sensibly  uniform  speed,  for  the  current  will  be  continually  inter- 
rupted by  the  governor,  and  only  admitted  into  the  coils  of  the 
driving  electro-magnets  for  just  such  a  fraction  of  each  minute  as 
will  keep  the  governor  on  the*  point  of  breaking  contact.  This 
system  is  open  to  the  objection  that  the  contact  points  must  be 
liable  to  oxidation  by  the  strong  sparks  which  must  continually 
pass,  as  in  a  relay. 

fine  examples  of  the  old  form  of  clock,  in  which  the  escape- 


merit  is  worked  by  currents  received  at  regular  intervals  from  a 
standard  clock,  were  exhibited  by  the  Universal  Private  Telegraph. 
Company,  and  by  W.  T.  HeitVy, 

Art  ingenious  apparatus  for  maintaining  a  nearly  constant  cur- 
!v  which  electric  clocks  may  he  worked  with  greater  certainty 
and  economy  than  with  variable  currents,  has  been  invented  bv 
Hipp.  The  mechanism  caudate  of  two  electro-magnets,  the  arma- 
ture of  one  of  which  works  the  pointers  of  the  clock,  wbilr  dial  of 
the  other  U  used  to  increase  or  diminis.1i  the  resistance  of  the  bat- 
tery circuit  when  any  variation  occurs  in  the  strength  of  the  cur- 
rent,    This  is  done  as  follows  : — 

A  standard  clock  make*  and  breaks  contact  at  regnlar  intervals  in  a  cir- 
cuit containing  the  battery  and  fcWG  elcrt  ro-magntts,  one  of  which  works  the 
propelment  of  the  secondary  dock.  The  armature  of  the  second  has  two 
springs  attached  to  it  pulling  il  away  from  Che  magnet.  Thru  two  springs 
an.1  so  arranged  that  if  the  current  passing  is  weaker  than  it  should  be,  the 
armature  will  not  move  either  of  the  springs  ;  if  the  current  be  exactly  that 
required,  the  attraction  of  the  armature  will  overcome  one  of  the  springs  nod 
the  armature  will  be  attracted  to  a  half-way  position.  If  the  current  be  too 
Strong  the  armature  will  be  attracted  close  to  the  magnet,  overcoming  the 
two  springs.  Now  the  gearing  is  so  arranged  that  an  index  will  be  moved 
round  by  the  wheelwork,  propelled  by  the  first  electro-fnagnet  when  the 
armature  of  the  second  is  in  its  furthest  position,  but  will  be  left  at  rest 
when  the  armature  is  in  its  second  position,  and  will  be  moved  backwards 
when  that  armature  is  in  its  third  position.  The  index,  in  its  motion, turn* 
resistances  in  or  out  of  circuit,  according  the  direction  of  its  motion,  until 
the  current  is  reduced  or  increased  to  its  proper  strength. 

(14.5)  Chxonoscope*. — These  are  instruments  which  are  used 
for  the  measurement  of  very  short  intervals  of  time  :  lln  v  itn>  em- 
ployed principally  for  determining  the  velocity  of  projectile-*,  mil 
are  constructed  in  accordance  with  the  following  principles  {Jurors' 
Report)  : — 

Two  screens,  made  each  of  a  continuous  wire  led  backwards  and 
forwards  across  a  frame,  are  placed  in  the  path  of  the  ball  at  a  known 
distance  apart.  The  wire  of  each  screen  forms  part  of  complete 
circuits  com  muni  eating  with  the  instrument.  When  the  wires 
are  successively  broken  by  the  projectile,  the  successive  interrup- 
tions of  the  two  currents  arc  registered  by  electrics]  meant  on 
some  apparatus,  part  of  which  moves  with  a  known  velocity.  This 
plan  of  determining  the  velocity  of  a  ball  is  due  to  Plofi 
Wheatstone. 

It  is  not  necessary  that  the  two  circuits  should  be  distinct 
throughout  their  whole  length  j  the  rupture  of  the  circuit  con- 
taining the  first  screen  by  the  very  cessation  of  the  current  through 
it  is  easily  made  by  electro-magnetic  apparatus  to  establish  a 
current  through  a  circuit  continuing  both  the  second  screen  and 
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part  of  the  first  circuit  By  these  very  simple  contrivances,  the 
ball,  as  it  successively  breaks  two  circuits,  sends,  as  it  were,  two 
signals  by  stopping  two  currents  at  the  very  instant  that  it  passes 
through  two  points  of  the  trajectory,  but  it  is  by  no  means  equally 
easy  to  register  the  instants  at  which  these  signals  are  sent.  The 
time  elapsing  between  them  must  be  measured  by  reference  to 
some  continuous  movement,  of  which  the  speed  is  accurately 
known,  and  it  is  very  difficult  to  produce  such  a  movement. 
Clockwork  governed  by  an  escapement  can  only  give  a  step-by- 
step  or  intermittent  motion  ;  and  no  frictioual  governor  hitherto 
used  can  be  depended  on  to  produce  perfect  regularity.  A  second 
difficulty  arises  from  the  fact  that  no  electro-magnetic  effect  is 
absolutely  instantaneous,  and  that  especially  the  effect  on  soft-iron, 
cores,  such  as  are  frequently  used  in  recording  apparatus,  are 
extremely  uncertain  or  variable,  so  that  an  electro-magnet  cannot 
be 'depended  upon  to  release  or  attract  an  armature  at  constant 
intervals  after  a  given  current  is  stopped.  No  doubt  if  every 
circumstance  attending  every  experiment  could  be  maintained 
rigorously  the  same,  the  electro-magnet  would  act  constantly  in 
one  way,  but  in  practice  this  cannot  be  effected. 

A  chronoscope,  known  as  Navez's  pendulum,  which  is  extensively 
used  both  abroad  and  in  this  countrj',  was  shown  at  the  Inter- 
national Exhibition  of  1862  by  J.  Jaspar  (Liege),  and  is  thus 
described  in  the  Jurors'  Report : — 

The  apparatus  consists  of  three  distinct  parts.  1.  The  pendulum,  with 
its  immediate  accessories.  2.  An  apparatus  for  making  a  contact  at  a  given 
time,  after  a  certain  circuit  has  been  broken.  3.  An  apparatus  for  breaking 
two  circuits  simultaneously.  These  two  last  parts  may  simply  be  called  the 
contact  maker  and  the  contact  breaker. 

The  pendulum  is  fitted  with  two  electro-magnets;  one  used  to  hold  it  at 
one  extremity  of  its  oscillation  by  attracting  a  little  piece  of  soft-iron  let 
into  the  bob ;  the  other  to  stop  a  very  light  aluminum  index  centred  on  the 
axis  of  the  pendulum,  and  carried  round  with  it  by  the  light  friction  of  a 
spring,  until  a  current  passes  round  this  second  electro-magnet,  which  then 
stops  the  index  by  attracting  an  iron  collar  fitted  to  its  hollow  axis,  but 
allows  the  pendulum  to  continue  its  oscillations  freely.  A  vernier  on  the 
end  of  the  index  allows  the  exact  arc  described  in  passing  from  the  first  to 
the  second  position  of  rest  to  be  accurately  read  on  a  fixed  graduated  limb. 
Thus  the  interruption  of  the  current  through  one  circuit  starts  the  pendulum 
and  index  simultaneously,  and  the  establishment  of  a  current  in  a  second 
circuit  stops  the  index,  showing  the  arc  traversed  in  the  interval.  It  will 
readily  be  understood  that  the  velocity  of  the  pendulum  in  falling  through 
various  arcs  can  be  determined  by  direct  experiment. 

The  speed  of  the  projectile  in  this  as  in  other  chronoscopes  is  measured  by 
the  time  elapsing  between  the  successive  fractures  of  two  wires;  but  in  the 
present  case  the  measurement  is  indirect.  The  nearest  wire-screen  forms 
part  of  a  circuit  which  includes  the  electro-magnet  used  to  restrain  the. 
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pendulum  ;  but  the  farther  wire-screen  is  not  directly  connected  with  either 
of  the  pendulum  electro-magnet*,  but  it  is  connected  with  the  electro- 
magnet of  the  I'ontact-breuker.  This  electro-imigiiei  curries  an  armature, 
which  drops  off  when  the  circuit  is  broken,  and  lall.i  on  umi  apring  furnished, 
with  a  ran  tact- point,  adjusted  close  to  some  mercury  in  a  little  cup. 
The  fall  of  the  armature  makes  contact  between  the  mercury  and  I  In.' spring, 
and  by  so  doing  complete*  a  circuit  through  the  second  elevliu-mugnetuJ  the 
pendulum,  and  stops,  the  index.  Thus,  when  a  bull  passes  through  the  two 
wire-screens  in  succession,  it  .first  breaks  the  lirst  circuit  and  Maris  the 
pendulum;  it  next  break*  the  second  circuit,  and  lets  fall  ad  armature, 
which  complete*  a  third  circuit  and  stops  the  index.  The  arc  can  then  be 
measured,  which  corresponds  to  the  time  elapsing  between  the  moment 
when  the  pendulum  started  and  that  when  the  index  stopped.  Bui  ihia 
period  oj  time  depends  on  many  element*  1  1.  The  time  required  by  the  lirst 
electro -magnet  lo  lose  its  magnetism-  a.  The  nine  required  by  i  lie  t-l.-i .  iro- 
magtiet  of  the  contact-breaker  to  lose  its  magnetism.  3.  The  time  occupied. 
by  the  full  of  the  armature.  4.  The  time  required  by  the  second  puuduhim 
electro-magnet  to  acquire  sufficient  force  to  stop  the  index.  And  5.  The 
time  of  flight  between  the  two  screens.  The  contact-breaker  is  used  to 
eliminate,  by  a  separate  observation,  the  first  four  of  these  elements,,  leaving 
the  fifth,  which  is  alone  required.  This  is  simply  and  easily  effected  by 
establishing  all  the  circuits  as  before,  and  breaking  the  two  wire-acreen 
circuit*  simultaneously.  All  the  events  wiil  wair  in  the  same  sequence  as 
before,  except  the  rupture  of  the  two  circuits;  and  us  all  the  other  circum- 
stances remain  similar,  they  will  occupy  in  the  aggregate  exactly  ihe  same 
time  as  they  must  hare  dune  in  the  prt-viuua  experiment,  and  the  index  will 
be  arrested  after  it  has.  traversed  an  arc  n  measuring  their  dtirutiun ;  if  then 
a  be  the  arc  traversed  in  the  former  experiment,  the  difference  A  —  B  will 
measure  the  time  of  flight  between  (he  screens  in  the  first  observation. 
This  measurement  is  required  to  bo  reduced  into  seconds  by  calculations  of 
an  obvious  character. 

The  great  merit  of  this  chronoecope  lias  been  proved  by  its 
extensive  use ;  but  as  the  reporter  <F.  Jenkin)  observes,  it  ia 
difficult  to  believe  that  it  can  give  thoroughly  accurate  results. 
The  calculation  of  the  time  occupied  by  the  bob  in  traversing  each 
part  of  the  limb  takes  no  account  of  the  friction  or  the  resistance 
of  the  air.  It  is  difficult  to  observe  accurately  the  elements 
required  to  calculate  this  period  of  oscillation.  Electro-magnets 
are  seldom  in  the  same  condition  even  during  two  sueceB 
experiments  ;  and  no  less  than  three  electro-magnets  are  required  in 
this  apparatus.  There  is  always  some  rink  that  the  contact- 
breaker  may  not  break  the  two  circuit.*  »r  exactly  tin-  .-nn  ■ 
moment.  The  friction  employed  to  cany  round  the  index  may  be 
too  small,  and  the  index  will  then  lag  behind  the -pendulum  at 
starting ;  or  the  friction  may  be  too  great,  and  drag  the  soft-iron 
collar  or  the  index  past  the  electro-mngnet  some  uncertain  time 
its  circuit  is  completed.  Nevertheless,  this  instrument  in 
in  great  repute,  probably  owing  to  the  simple  plan  of  referring  the 
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velocity  of  the  projectile  directly  to  the  velocity  of  .1  pendulum ; 
but  it  certainly,  observes  Mr.  Jenkin,  seems  probable  that  Que 
apparatus  would  be  much  improved  by  dispensing  with  nil  the 
rot-magnets,  contact  makers  and  breaker.-*,  with  ihe  substitution 
of  a  direct  observation)  recorded  by  en  induciiim  spark  or  a  galvano- 
meter needle. 

A  ckronoecope  which  registers,  by  means  of  an  induction  spnrk, 
produced  in  h  secondary  circuit  by  the  rupture  of  the  prim 
was  exhibited    at   ti-  itional    Exhibition  of   1862  by   M. 

II  iinl  11  v  (Paris)  : — 

It  consists  of;  1.  A  fixed  brass  cylinder,  one  metre  in  circumference,  round 
which  a  band  of  prepared  paper  van  be  firmly  stretched.  %.  An  aatlal  arm 
of  steel,  bearing  u  platinum  point  which  revolves,  describing  a  circle  eon- 
centric  with  and  close  to  the  cylindrical  surface  of  the  paper.  This  arm  is 
driven  by  clockwork.  3.  A  pendulum  revolving  round  a  prolongation  of  the 
axis  of  the:  cylinder,  and  driven  by  the  axial  arm,  which  presses  against  the 
lower  oiicl  of  the  rod.  This  pendulum  is  intended  to  produce  uniformity  in 
•  ivemcnt  of  the  clockwork.  4.  An  induction  coil  with  primary  and 
secondary  circuits.  One  end  of  the  secondary  circuit  is  in  connect  inn  with 
the  point  of  tlie  axial  arm,  and  the  other  with  the  largo  brass  cylinder  on 
which  the  pnper  is  stretched.  The  primary  circuit  is  connected  with  a 
screen,  used  as  a  target,  mid  a  current  is  allowed  to  circulate  through  it. 
The  rupture  of  the  screen,  by  interrupting'  the.  primary  current,  determines  a 
spark  in  the  secondary  wire,  registering  the  instant  of  the  Interruption  by 
burning  a  small  bole  in  the  pnper.  By  the  armatures  of  a  series  of  electro- 
magnets, the  primary  circuits  can  be  re-established  through  a  successtnii  of 
wires  mid  screens,  giving  a  series  of  observations.  Ea<  h  Interruption  of  the 
primary  circuit  is  (wid  to  last  about  one  two-hundredth  of  a  second. 

This  instrument,  which  is  described  in  greater  detail  in  the. 
Jurorx'  JReport,  is  said  to  exhibit  admirable  workmanship,  and  to 
be  suitable  to  a  very  large  number  of  researches,  in  which  the 
accurate  measurement  of  small  intervals  of  time  is  required. 

(246)  Chronographs. — Instrument-  to  which  this  name  has 
been  given  are  constructed  fur  the  purpose  of  recording  the  time 
at  which  a  certain  phenomenon  occurs  by  means  of  electricity. 
The  following  descriptfon  of  an  excellent  apparatus  exhibited  at 
the  International  Exhibition  of  1862  by  M.  Krille  (Denmark)  ia 
taken  from  the  Jurors'  Report : — 

A  cylinder,  covered  with  blackened  paper,  driven  by  clockwork,  and 
regulated  by  ■  conical  pendulum,  revolves  >t  1  tendbly  uniform  speed.  Two 
diamond  points  on  the  end  of  two  levers  are  pressed  against  the  cylinder  as 
it  revolves,  and  mark  two  rine  white  lines  on  the  blackened  surface.  These 
levers  are  carried  on  a  sort  of  car,  to  which  a  slow  motion  of  translation  is 
given  parallel  to  the  axis  of  the  cylinder,  so  that  the  lines  marked  are 
helical  and  continuous.  The  levers  are,  moreover,  connected  with  1I0 
armatures  of  two  separata  electro-magnets,  also  carried  on  the  car.  I 
armatures  by  their  motion  can  produce  a  slight  independent  movement  of 
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translation  on  the  diamond  points  along  the  surface  of  the  cylinder.  One  of 
these  electro-magnets  is  worked  by  contacts  from  a  standard  clock,  so 
contrived  M  to  produce  a  broken  line  equally  divided,  thus,  l_|  |_J  • 
The  instant  of  the  change  of  contact  is  thus  singularly  well  and  sharply 
defined.  The  second  electro-magnet  is  worked  by  the  observer  with  a  key, 
and  produces  a  little  nipple,  fixing  the  instant  of  observation  by  its  position 
on  the  cylinder  relatively  to  the  broken  or  'second'  line.  So  far  the 
i;rrangeminia,  although  extremely  good,  cm  hardly  be  called  novel.  The 
manner  of  observing  the  contacts  fifoan  llw  standard  pendulum  is  not  only 
excellent  but  quite  novel.  Two  short  vertical  glass  tubes,  placed  side  by 
side,  have  each  near  their  lower  end  &  small  horizontal  branch,  the  two  open 
ends  of  which  are  placed  in  very  close  proximity  opposite  each  other.  Tin! 
two  larger  tubes  are  partly  filled  with  mercury,  which  flows  through  the 
two  horizontal  branches,  until  the  two  streams  join  in  the  open  space  between 
them.  This  space  is,  however,  so  small,  that  capillar/  attraction  prevents 
the  mercury  from  fulling  down,  so  that  it  is  entirely  retained  inside  the 
tube?,  with  the  exception  of  this  one  short,  exposed,  and  apparently  un- 
supported drop  bunging  between  the  two  branches.  A  very  thin  sheet  of 
mica  is  carried  by  an  arm  on  the  pendulum,  so  placed,  that  at  each  beat  the 
mica-sheet  descends  between  the  ends  of  the  c  wo. little  branch  tubes  separating 
the  mercury  in  the  two  resertoirs,  and  breaking  all  electrical  communica- 
tions between  them.  At  the  return  of  the  pendulum,  the  mica-sheet  ia 
withdrawn,  and  the  mercury  at  the  two  sides  joins  as  before,  making  an 
electrical  connection.  The  actum  of  this  admirable  make  and  break  arrange- 
ment seems  all  that  could  be  desired  ;  the  mercury  is  not  spilt,  as  might  bo 
expected,  and  the  contact  appears  to  be  made  with  perfect  certainty  and, 
regularity.  The  friction  must  be  almost  nothing ;  and  if,  as  appears  probable, 
the  oxide  formed  by  each  spark  is  removed  by  the  mica-plate  in  its  descent, 
this  plan  might  be  very  advantageously  applied  to  ail  electric  clocks  and 
galvanometer  relays. 

An  electrical  chronograph  for  astronomical  purposes,  as  for 
registering  the  passage  of  a  star,  was  likewise  exhibited  (the 
Telegrapben  Werkstatte  of  Berne),  On  this  instrument  it  strip  of 
paper  is  moved  along  by  clockwork,  driven  by  a  weight  and 
governed  by  a  fly.  The  latter  is  so  arranged  that  on  any  alight 
increase  of  speed  the  nxis  of  the  fly  U  pressed  ngainst  a  steel  spring, 
increasing  the  friction  and  acting  as  a  break.  The  strip  of  paper 
is  permanently  pressed  against  two  little  revolving  discs,  placed 
-Mi-  by  side,  and  receiving  ink  from  felt  rollers.  These  two  discs, 
when  not  interfered  with,  produce  two  straight  parallel  lines  side 
by  wide  on  the  paper.  Two  electro-magnets,  with  two  distinct 
circuits,  are  used  with  armatures,  so  connected  with  the  supports  of 
tin'  two  revolving  discs,  that  a  momentary  current  sent  round 
either  magnet  moves  the  corresponding  disc  a  little  way  across  the 
paper,  making  a  little  nipple  on  one  of  the  black  lines.  The 
pendulum  of  a  clock  closes  the  circuit  of  one  of  the  electro-magnets 
once  every  second,  and  nipples  are  consequently  produced  on  ona 
line,  separated  by  lines  representing  secouds  of  time.    The  circuit 
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through  the  other  electro-magnet  is  completed  at  any  required 
moment  hy  the  observer,  with  the  aid  of  a  common  contact  key. 
The  nipples  so  produced  on  this  line,  hy  comparison  with  those  on 
the  first,  fix  the  time  of  each  observation  recorded.  The  '  second' 
nipples  are  about  ten  millimetres  apart,  and  intervals  of  time  of 
less  than  one-tenth  of  a  second  can  therefore  be  accurately  shown 
by  the  instrument. 

(247)  Electric  Thermometers. — An  instrument  which  may 
be  used  for  determining  the  temperature  at  different  depths  in  the 
sea,  and  for  other  similar  purposes,  was  shown  at  the  International 
Exhibition  of  1862  by  Siemens,  Halske,  and  Co.  It  is  called  an 
electric-resistance  thermometer,  the  change  of  resistance  which 
metals  undergo  with  a  change  of  temperature,  being  made  use  of 
to  indicate  the  temperature  of  the  metal : — 

Two  perfectly  similar  coils  of  insulated  wire  are  inclosed  in  two  hermetically- 
sealed  copper  cases.  One  is  placed  on  the  spot  of  which  the  temperature  is 
required  and  the  other  in  a«bath  of  water.  The  temperature  of  the  bath  is 
altered  until  the  resistance  of  the  two  coils  is  exactly  equal,  an  equality 
which  can  readily  be  tested  by  a  resistance  galvanometer.  The  temperature 
of  the  bath  will  then  clearly  be  equal  to  that  of  the  spot  where  the  first 
resistance  coil  is  placed.  The  connections  are  made  with  very  thick  copper 
wire,  so  that  their  resistance  shall  have  little  or  no  influence  on  the  reault. 
The  wires  are  coiled  on  an  open  copper  cylinder  of  considerable  diameter 
.and  length,  so  as  to  expose  a  large  surface  to  the  air  or  water  in  which  they 
are  placed.  They  in  consequence  take  the  temperature  of  the  surrounding 
medium  with  great  rapidity. 

An  electric  self-registering  thermometer,  which  is  an  applica- 
tion of  Breguet's  metallic  thermometer,  was  also  exhibited  by  the 
Telegraphen  Werkstatte  of  Berne  (Switzerland).  In  this  instru- 
ment the  registering-paper  is  marked  by  the  steel  point  of  an  index, 
carried  by  the  outer  end  of  a  spiral  formed  of  two  metal  strips 
.(brass  and  steel)  soldered  together,  the  inner  end  of  the  spiral  being 
fastened  to  a  brass  standard.  The  paper,  a  wide  strip  about  140 
yards  in  length,  is  unrolled  and  passed  under  the  steel  point  by 
two  brass  rollers,  one  of  which  is  connected  with  a  ratchet-wheel. 
The  paper  is  marked  by  an  electro-magnet  and  armature ;  a  mo- 
mentary voltaic  current  is  sent  round  the  magnet  at  fixed  intervals 
by  a  clock  with  suitable  contacts.  A  lever  fixed  to  the  armature 
strikes  down  the  end  of  the  index  at  the  moment  when  the  current 
passes,  and  so  prints  a  dot  on  the  paper ;  when  the  current  ceases, 
a  paul  fixed  to  the  armature  moves  the  ratchet-wheel  one  tooth 
forward,  carrying  the  paper  along  with  it.  Two  millimetres  on 
the  paper  are  equivalent  to  one  degree  centigrade.  A  little  fixed 
wheel  impresses  a  straight  line  in  the  centre  of  the  strip  of  paper, 
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from  which  the  deviations  of  the  curves  formed  by  the  dots  can  tfe 
measured. 

(24.8)  Hemming'*  Electric  Target. — The  target  is  divided 
into  any  number  of  sections  required,  and  behind  each  section  a 
little  hall  or  hammer  is  hung,  touching  the  plate,  or  ft  bolt  rigidly 
ounected  with  it.  The  plates  forming  etich  section  are  separately 
pported,  so  that  when  one  is  struck  or  shaken  the  others  do  not 
move.  When  any  plate  is  struck,  its  ball  or  hammer  flies  hack 
umler  the  influence  of  the  vibration,  and  for  n  short  time  com- 
pletes a  circuit  which  includes  a  wire  leading  to  the  firing  station, 
a  batten'  and  an  indicator  or  receiving  instrument  of  Home  kind. 
Each  plate  has  a  separate  conducting  wire  mid  indicating  needle. 
The  conducting  wirei  ■«  generally  small  copper  wires  meolated 
with  india-rubber  or  gutta-percha,  and  twisted  into  .some  form  of 
cable.  These  targets  have  been  practically  testudj  and  are  found 
;o  answer. 

(349)  Tlie  Electric  log. — In  this  instrument,  exhibited  by 
Siemens,  Ilalske,  and  Co.,  electricity  is  Used  In  cfinvey  a  signal  to 
a  step-by-step  propel ment  or  escapement  inside  the  ship,  from  an 
ordinary  Massey's  patent  log,  at  say  every  hundred  turns  of  the 
vane,  or  at  any  other  given  fraction  of  a  knot.  An  Insulated  wire 
i-  led  from  the  ship  to  a  train  of  wheebvork  contained  in  an  alr- 
ight case,  and  driven  by  the  vane  of  the  log.  This  wheelwork 
akes  the  contact  required  at  regidar  intervals,  ami  these  are 
marked  by  the  index  of  the  step-by -.step  instrument  on  board  the 
ship.  The  Ing,  therefore,  need  never  be  drawn  in  to  be  consulted, 
and  the  captain  can  at  any  time  observe  the  speed  of  the  ship. 

'250)  Electric  Break  for  Railway  Trains. — In  this  instru- 
ment, which  is  the  invention  of  M.  Achard  (Paris),  the  electric 
current  is  not  directly  employed  fee.  produce  the  friction  or  retard- 
ing force,  but  the  required  power  is  obtained  from  the  momentum  of 
the  train  itself  by  letting  a  cam  on  one  of  the  axles  of  each  carriage 
fork  ft  paid,  which  turns  a  second  shaft  round  by  means  of  a  rat- 
chet-wheel upon  it.  This  second  shaft,  by  winding  up  a  chain, 
pulls  the  friction  blocks  against  the  rim  of  the  carriage-wheels  until, 
by  the  .stoppage  of  the  axle,  further  action  is  prevented.  Electri- 
city only  comes  into  play  in  so  far  as  it  is  used  first  to  determine 
the  moment  at  which  the  paul  shall  begin  to  act;  and  secondly, to 
release  the  chain  and  so  take  off  the  break  at  the  moment  required. 
The  first  object  is  very  simply  attained.  The  paul  is  on  one  end 
of  a  lever,  rocking  freely  on  the  ratchet-shaft.  A  prolongation  ef 
the  other  end  of  this  lever  is  pressed  by  a  Spring  against  the  cam 
on  the  axle.  When  ilie  axle  revolves,  this  spring  keens  tin-  lever 
ainst  the  ex-centric  surface  of  the  cam,  and  so  rocks  the  lever 
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and  works  tin-  ratchet  by  016  paul :  a  soft  iron  armature  is  attached 
to  the  other  end  of  the  lever,  which,  u  the  lever  rocks,  slides 
backwards  and  i'nrvvards  mcr  tin?  pule  of  an  electro-magnet.  The 
cam  always  pushes  this  slide  back  to  its  furthest  limit  in  spit 
any  attraction  of  the  magnet,  even  when  n  current  is  rirculuti un- 
round the  coils;  hut  when  the  earn  recedes,  the  eprii 
strong  enough,  while  the  current  circulates,  to  pidl  the  slide  for- 
wiud  again,  and  it  eonserjiiently  remains  motionless  at  the  furthest 
point,  so  that  the  paul  is  no  longer  moved.  A  current  passing 
roundtlie  electro-niagnettlnis  preventsthe  hreak  from  being- applied, 
or  stops  its  further  application!  but  the  moment  the  current  U 
interrupted,  the  spring  works  one  end  of  1  Milling  the  slide 

forwards.  The  paul  takes  up  successive  teeth  of  the  ratchet,  and 
the  break  ia  applied  with  more  and  more  force  until  the  wheel  is 
stopped. 

The  break  is  released  by  means  of  b  second  system  of  electro- 
magnets. The  ratchet-wheel  is  not  rigidly  fixed  to  the  shaft  on 
which  the  break-chain  is  wound,  but  connected  with  it  by  what 
may  lie  called  an  elHctro-niagnetic  friction  clutch.  The  flat  poles  of 
a  number  of  electro-magnets  fixed  to  and  round  the  shaft  come 
against  the  flat  faces  of  a  disc  of  iron  attached  to  the  ratchet-wheel. 
When  a  current  is  established  round  these  electro-nmgneta,  the  disc 
adheres  very  tightly  to  them,  and  this  is  the  case  when  the  ratchet 
is  used  to  put  on  the  break,  but  the  moment  the  current  is  inter- 
rupted in  am  second  circuit,  there  is  do  force  to  bold  up  the 
lire  ;ik -blocks,  which  fall  back  from  the  wheels  hv  their  own  weight, 
turning  the  shaft  round,  and  unwinding  the  chain.  Thus  there 
are  two  circuits  which  may  be  called  the  pftul  circuit  and  the 
clutch  circuit.  Nominally  The  current  is  established  through  both  : 
if  the  first  be  interrupted,  the  break  is  put  on  either  slightly,  if 
the  interruption  last  but  a  Utile  while,  or  so  strongly  as  to 
the  wheel  if  the  interruption  continues,  a  short  interruption  in  the, 
second  circuit  again  takes  off  the  break.  The  same  circuits 
he  employed  for  all  the  carriages,  or  the  trains  might  be  divided! 
into  short  sections,  each  with  a  separate  pair  of  circuits.  The 
wires  of  the  paul  circuit  might  be  so  placed,  that  passengers,  in 
cii.se  of  great  danger,  might  cut  them,  and  so  apply  the  hre 

This  invention  has  been  tested  in  France,  andfuvi.Hiii.lily  reported 
on  by  the  government  engineer.  It  is  probably  open  to  as  few  obi 
jections  as  could  be  urged  against  any  electric  system  used  for  the 
same  purpose.  Any  accidental  interruption  in  the  paul  circuit 
would  be  at  once  apparent,  for  the  breaks  would  all  be  put  on; 
hut,  on  the  other  hand,  an  accident  might  occur  to  the  second 
circuit  without  any  obvious  effect  until  the  breaks  were  required. 
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It  is  to  be  feared,  however,  as  the  Jury  Reporter  (Mr.  Fleembg 
Jenkiu)  remarks,  that  the  trouble  of  making  the  connection 
CJUfred  when  the  train  is  made  up,  or  subdivided,  with  the  delays 
which  would  ensue  in  consequence  of  any  mistake  or  accidental 
failure  in  the  circuit,  will  prevent  the  adoption  of  any  electrical 
arrangement  in  connection  with  any  part  of  railway  mechanism  of 
such  vital  importance  as  the  break. 

(151)  The  Electric  Self-acting1  Boiler  reed. — This  is  also 
the  invention  of  M.  Achard,  and  wa*  ahcrwn  by  him  at  the  1 
national  Exhibition  of  1862.  A  voltaic  current  is  employed  simply 
to  stop  or  hold  an  armature.  When  the  armature  is  loose,  one  of 
two  pauls,  constantly  worked  from  the  engine,  turns  n  segmental 
ratchet,  opening  the  feed-cock  ;  but  when  the  armature  is  held  by 
the  passingofacurrentthroughan electro-magnet  one paulis  thrown 
Out  of  gear,  and  the  second  paul  into  gear,  working  a  second 
mental  ratchet  which  shuts  the  cock.  When  the  cock  is  either  fully 
open  or  fully  shut,  the  paul  in  gear  works. in  a  blank  space.  The 
connections,  are  made  orbrnken  by  a  float,  mechanically  county 
with  a  I'niiiimitator  OUtaide  the  boiler;  if  the  circuit  fail  a1 
point,  or  if  the  battery  become  too  weak,  the  worst  that  can  happen 
is,  that  tlie  armature  would  be  relieved  permanently,  so  that  the 
boiler  would  get  filled  with  water.  Moreover,  M,  Achard  uses  a 
second  armature,  worked  by  the  same  current,  to  ring  a  bell  when 
the  current  is  interrupted,  in  which  case  it  rises  and  falls  with  an 
oscillating  lever  driven  by  the  engine,  and  at  each  fall  causes  one 
beat  of  the  bell.  When  the  current  is  re-established,  this  arma- 
ture is  held  up  out  of  the  way  of  the  oscillating  lever,  and  the  bell 
stops  ringing'.  This  current  is  interrupted  by  the  float  when  the 
•  is  too  full  or  too  empty.  The  bell,  in  either  case,  acts  «8  an 
alarum,  and  it  also  draws  attention  to  any  accident,  in  consequence 
of  which,  the  connecting-wires  may  have  been  broken  or  the  but- 
tery become  too  Weak. 

This  electrical  apparatus  seems  as  certain  in  its  action  as  any 
mechanical  construction  •  indeed,  if  a  failure  can  possibly  OCCUr  in 
any  part  without  being  at  once  discovered,  it  would  be  in  the 
float,  which  might  possibly  stick  instead  of  following  the  surface 
of  the  water.  This  apparatus  has  been  successfully  applied  in 
Frni! 

(151)  Electric  Hydrostatimeter- — This  instrum  igned 

i  1  show  thr  level  of  water  in  a  astern  by  an  index  placed  in  any 
required  position  at  a  distance  from  TO,  u  the  haven 

of  MM.  Muiillrnm  and  Vinay  (Jwwjf  Report).  An  electric  cir- 
cuit is  mail e  and  broken  bj  a  Boat  which  eend  rrente 
at  certain  invervab  I                and  negative  currents  at  the  same 
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intervals  while  falling.  The  positive  currents  move  the  index  of 
a  step-by-step  dial  instrument  in  one  direction,  and  the  negative 
currents  move  the  index  in  the  opposite  direction.  The  receiving 
apparatus  is  veryt  simple :  two  polarized  electro-magnets,  on 
Siemens's  system,  are  so  arranged  that  the  armature  of  one  works 
a  ratchet-wheel  in  one  direction,  while  the  armature  of  the  other 
works  a  similar  ratchet-wheel  on  the  same  axle  in  an  opposite 
direction  ;  the  two  coils  are  both  on  one  circuit,  but  the  positive 
current  alone  moves  one  armature,  and  the  negative  current  the 
other ;  the  opposite  currents  simply  press  the  motionless  arma- 
tures harder  against  their  stops — a  position  in  which  their  pallets 
are  clear  of  the  ratchet-wheels.  The  ratchet  is  prevented  from 
turning  when  the  armature  pallets  are  clear  of  them,  by  a  little 
spring  friction  pallet. 

Siemens'  'polarized'  electro-magnets  above  alluded  to  are 
constructed  thus:  The  soft-iron  cores  of  two  straight  electro- 
magnets are  joined  by  a  back,  so  as  to  form  the  usual  horseshoe 
electro-magnet.  This  back  rests  against  one  pole  of  a  powerful 
permanent  steel  magnet,  which  communicates  its  own,  say  N. 
polarity,  to  both  branches  of  the  horseshoe.  A  tongue  of  soft 
iron  is  centred,  so  that  one  end  can  oscillate  between  the  ends  of 
these  two  branches ;  and  this  tongue  is  supported  by  the  opposite 
pole  of  the  permanent  steel  magnet,  which  is  bent  into  a  con- 
venient form  for  the  purpose.  This  tongue,  therefore,  partakes  of 
a  polarity  opposed  to  that  of  the  branches,  in  virtue  of  which, 
when  no  current  passes  round  the  electro-magnets,  it  rests  attracted 
indifferently  to  whichever  of  the  two  branches  it  may  happen  to 
be  nearest.  The  effect  of  a  current  through  the  electro-magnetic 
coils  is  to  weaken  the  polarity  of  one  branch  and  to  strengthen 
that  of  the  other,  so  as  no  longer  to  allow  the  tongue-  to  remain 
indifferently  in  juxta-position  with  either  branch,  but  definitely  to 
attract  it  to  one  side,  at  which  side  it  will  remain  until  a  current 
in  the  opposite  direction  round  the  coils  produces  an  effect  in  the 
branches  the  reverse  of  that  which  last  occurred. 

By  adjusting  the  relative  distances  between  the  two  branches 
and  the  tongue,  and  by  diminishing  the  play  of  this  tongue  to  a 
small  fraction  of  the  total  distance  which  separates  them,  very 
great  sensibility  can  be  obtained.  This  polarized  relay  is  largely 
used  for  direct  receiving  instruments. 

The  transmitting  part  of  the  hydrostatimeter  is  somewhat  com- 
plicated. As  long  as  the  float  continues  to  rise,  it  sends  at  definite 
intervals  of  say  three  inches  momentary  positive  currents ;  when 
nearly  stationary,  it  may  oscillate  up  and  down,  sometimes  two 
inches  lower,  and  sometimes  two  inches  higher  than  the  level  at 
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which  the  last  current  was  sent,  without  sending  any  current :  it 
must  fall  or  rise  fully  three  inches  after  sending  a  given  current 
before  it  sends  any  fresh  current.  Moreover,  when  it  has  risen 
three  inches  it  will  always  send  currents  of  opposite  name  to  those 
sent  after  a.  fall  of  three  inches. 

(253)  Electric  Engraving  Machine. — A  machine  for  engraving 
the  cylinders  of  copper  or  brass  employed  in  printing  woven  fabrics 
and  paper  hangings,  an  invention  of  French  origin,  was  exhibited 
by  H.  Garside,  Manchester.  The  voltaic  current  is  used  to  deter- 
mine, by  means  of  electro-magnets,  the  slight  simultaneous  advance 
or  withdrawal  of  any  number  of  engraving  diamond  points  from 
the  varnished  surface  of  the  copper  rollers  to  be  engraved,  according 
to  the  position  of  a  corresponding  metal  contact  point  on  the  non- 
conducting surface  of  a  prepared  pattern.  The  pattern  and  cylinder 
to  be  engraved  are  moved  mechanically  in  concert,  and  the  pro- 
portion of  their  relative  movements  can  be  varied  by  mechanical 
adjustment.  The  engraving  points  have  a  slight  vibrating  motion 
given  to  them,  which  scratches  off  the  varnish  whenever  brought 
into  contact  with  it,  and  produces  a  series  of  fine  zigzag  lines, 
which  facilitate  the  retention  of  the  pasty  colouring  matter  used. 
The  prepared  pattern  determines  the  moments  at  which  this  con- 
tact occurs ;  and  the  concert  between  the  movements  of  the 
pattern  and  the  roller  produces  a  similar  agreement  between  the 
pattern  and  the  figures  engraved,  which  may  clearly  be  made 
larger  or  smaller  than  the  pattern  in  any  desired  proportion  and  in 
any  required  number.  The  copper  when  exposed  is  afterwards 
etched  by  an  acid  bath. 

(254)  Electric  Loom. — This  extremely  ingenious  contrivance, 
in  which  the  usual  Jacquard  cards  are  replaced  by  an  electrical 
arrangement,  worked  by  a  pattern  prepared  in  tinfoil  with  insu- 
lating varnish,  is  the  invention  of  Cav.  G.  Bonelli,  Turin. 

A  simple  metal  plate,  perforated  with  holes,  each  of  which  is 
provided  with  a  kind  of  piston,  successively  plays  the  part  of  each 
successive  paper  card  in  the  usual  arrangement.  The  pistons  fill 
up  every  hole  that  is  not  required,  but  are  withdrawn  by  electro- 
motors from  those  holes  which  require  at  each  beat  of  the  loom  to 
be  kept  open.     This  is  effected  as  follows : — 

A  sort  of  metal  comb,  each  tooth  of  which  is  the  terminal  of  a  separate 
insulated  conducting  wire,  rests  on  the  prepared  pattern.  Whenever  a  tooth 
touches  the  tinfoil,  a  circuit  is  completed  through  its  conducting  wire ; 
but  where  a  tooth  rests  on  the  varnish,  the  circuit  is  broken.  Each 
conducting  wire  includes  in  its  circuit  an  electro-magnet.  The  pistons 
already  spoken  of  are  each  composed  of  a  small  soft-iron  shank,  and  brass 
button-shaped  head,  and  are  all  held  horizontally  in  a  frame,  one  opposite 
each  electro-magnet.  In  one  position  of  this  frame,  the  heads  of  these  pistons 

xk  2 
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project  through  the  openings  of  the  metal  card  or  perforated  plate ;  the 
diameter  of  each  pole  is  a  little  larger  than  the  head  of  the  corresponding 
piston,  each  piston  being  exactly  in  the  centre  of  its  corresponding  pole. 
In  thi*  same  position  all  the  soft-iron  shanks  touch  the  poles  of  the  cor- 
responding magnets,  and  the  metal  comb  rests  on  the  prepared  pattern. 

A  certain  number  of  the  electro-magnets  corresponding  to  the  uncovered 
portions  of  the  tinfoil,  are  therefore  active  or  attract  the  shanks,  bat  the 
others  exert  no  attraction.  The  frame  with  the  pistons  is  now  palled 
forward  away  from  the  magnets;  those  pistons  which  are  opposite  the 
active  magnets  are  held  back,  sliding  in  their  frame,  so  that  their  button- 
heads  pass  behind  the  perforated  plate ;  but  the  other  pistons  come  forward 
with  the  frame  leaving  the  magnets.  The  perforated  plate  then  drops  a 
little  way,  and  by  this  simple  contrivance  all  those  piston-heads  that  were 
in  front  of  the  plate  are  retained  there,  whatever  pressure  comes  against 
tbem,  for  they  are  now  excentric  from  the  poles.  The  plate  in  this  condition 
presents  a  perfect  analogy  with  the  common  prepared  card.  A  certain 
number  of  holes  corresponding  to  the  metallic  part  of  the  pattern  are 
vacant,  the  rest  of  the  holes  are  blocked  up,  and  present  an  unbroken  surface 
by  which  the  proper  hooks  of  the  Jacquard  loom  are  acted  on  daring  one 
stroke.  The  perforated  plate  is  then  brought  back  to  the  position  first 
described,  the  prepared  pattern  is  moved  on  a  little  step,  and  the  same  process 
repeated. 

When  shuttles  with  several  different  colours  are  to  be  used, 
the  pattern  is  subdivided  into  insulated  portions  corresponding  to 
the  separate  colours,  by  removing  a  very  thin  outline  of  foil  round 
each;  all  the  parts  corresponding  to  one  colour  are  afterwards 
connected. 

As  each  shuttle  is  thrown,  the  battery  is  brought  in  contact 
with  the  appropriate  series  of  insulated  patches  of  tinfoil,  producing 
a  succession  of  different  cards,  and  the  pattern  is  not  shifted  forward 
until  all  the  colours  are  exhausted.  After  the  completion  of  each 
fresh  combination  on  the  perforated  plate,  the  hattery-circuit  is 
broken  by  a  proper  contact-breaker,  and  the  injurious  spark  is  thus 
avoided,  which  would  otherwise  occur  when  the  comb  is  lifted 
from  the  pattern  prior  to  a  shift. 

(255)  A  New  and  Powerful  Generator  of  Dynamic  Elec- 
tricity.— A  paper  has  heen  communicated  to  the  Royal  Society, 
by  H.  Wilde  (Proc.  Royal  Society,  No.  83,  vol.  xv.,  March  26, 
1866),  in  which  attention  is  drawn  to  some  new  and  paradoxical 
phenomena  arising  out  of  Faraday's  important  discovery  of 
magneto-electric  induction  (172),  the  close  consideration  of  which 
has  resulted  in  the  discovery  of  a  means  of  producing  dynamic 
electricity  in  quantities  unattainable  by  any  other  apparatus 
hitherto  constructed ;  an  indefinitely  small  amount  of  magnetism, 
or  of  dynamic  electricity,  having  been  found  capable  of  inducing 
an  indefinitely  large  amount  of  magnetism— and  again,  an  indefi- 
nitely small  amount  of  dynamic  electricity,  or  of  magnetism,  being 
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capable  of  evolving  an  indefinitely  large  amount  of  dynamic  elec- 
tricity. 

The  apparatus  with  which  the  experiments  were  made  is  thus 
described : — 

A  compound  hollow  cylinder  of  brass  and  iron  was  constructed,  termed  by 
the  author  a  magnet  cylinder,  its  internal  diameter  being  i|  inch.  On  this 
cylinder  could  be  placed,  at  pleasure,  one  or  more  permanent  horseshoe 
magnets.  Each  of  these  permanent  magnets  weighed  about  1  lb.,  and  would 
sustain  a  weight  of  about  10  lbs.  An  armature  was  made  to  revolve  rapidly 
in  the  interior  of  the  cylinder,  in  close  proximity  to  its  sides,  but  not  touch- 
ing. Around  this  armature  133  feet  of  insulated  copper  wire,  0-03  of  an  inch 
in  diameter,  were  coiled,  and  the  free  ends  of  the  wire  were  connected  with  a 
communicator  fixed  upon  the  armature  axis  for  the  purpose  of  taking 'the 
alternating  waves  of  electricity  from  the  machine  in  one  direction  only. 
The  direct  current  of  electricity  was  then  transmitted  through  the  coils  of  a 
tangent  galvanometer;  and  as  each  additional  magnet  was  placed  upon  the 
magnet-cylinder,  it  was  found  that  the  quantity  of  electricity  generated  in 
the  coils  of  the  armature  was  very  nearly  in  direct  proportion  to  the  number 
of  magnets  on  the  cylinder.  * 

Experiments  were  next  made  for  the  purpose  of  ascertaining 
what  relation  existed  between  the  sustaining  power  of  the  per- 
manent magnets  on  the  magnet-cylinder,  and  that  of  an  electro- 
magnet excited  by  the  electricity  derived  from  the  armature ;  and 
it  was  found  that  when  four  permanent  magnets,  capable  of 
sustaining  collectively  a  weight  of  40  lbs.,  were  placed  upon  the 
cylinder,  and  when  the  sub-magnet  was  placed  in  contact  with 
the  poles  of  the  electro-magnet  a  weight  of  178  lbs.  wns»required 
to  separate.  With  a  larger  electro-magnet,  a  weight  of  not  less 
than  1080  lbs.  was  required  to  overcome  the  attractive  force  of  the 
electro-magnet,  or  twenty-seven  times  the  weight,  which  the  four 
permanent  magnets  used  in  exciting  it,  were  collectively  able  to 
sustain.  It  was  further  found  that  this  great  difference  between 
the  power  of  a  permanent  magnet  and  that  of  an  electro-magnet 
excited  through  its  agency  might  be  indefinitely  increased. 

An  electro-magnet  would  appear  from  the  experiments  of  Wilde 
to  possess  the  power  of  accumulating  and  retaining  a  charge  of 
electricity  in  a  manner  analogous  to,  but  not  identical  with,  that 
in  which  it  is  retained  in  insulated  submarine  cables,  and  in  the 
Leyden  jar.  Thus  when  the  wires  forming  the  polar  terminals  of 
the  magneto-electric  machine  were  connected  for  a  short  time  with 
those  of  a  very  large  electro-magnet,  a  bright  spark  could  be 
obtained  from  the  electro-helices  twenty-five  seconds  after  all 
connection  with  the  magneto-electric  machine  had  been  broken. 
It  was  found  also  that  the  electro-helices  offered  a  temporary 
resistance  to  the  passage  of  the  current  from  the  magneto-electric 
machine.    When  four  magnets  were  placed  on  the  cylinder,  the 
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current  from  the  machine  did  not  attain  a  permanent  degree  of 
intensity  until  an  interval  of  fifteen  seconds  had  elapsed;  hut 
when  a  more  powerful  machine  was  used  for  exciting  the  electro- 
helices,  the  current  attained  a  permanent  degree  of  intensity  after 
an  interval  of  four  seconds  had  elapsed. 

The  general  conclusion  -which  Wilde  draws  from  a  consideration 
of  these  remarkable  experiments  is,  that  when  an  electro-magnet 
is  excited  through  the  agency  of  a  permanent  magnet,  the  large 
amount  of  magnetism  manifested  in  the  electro-magnet  simultane- 
ously with  the  small  amount  manifested  in  the  permanent  magnet 
is  the  constant  accompaniment  of  a  correlative  amount  of  electricity 
evolved  from  the  magneto-electric  machine,  either  all  at  once,  in 
a  large  quantity,  or  by  a  continuous  succession  of  small  quantities ; 
the  power  which  the  metals  (but  more  particularly  iron)  possess 
of  accumulating  and  retaining  a  temporary  charge  of  electricity  or 
magnetism,  or  of  both  together  (according  to  the  mode  in  which 
thesi  forces  are  viewed  by  physicists)  giving  rise  to  the  paradoxical 
phenomena  which  form  the  subject  of  this  part  of  the  investigation. 

Having  established  the  fact  that  a  large  amount  of  magnetism 
can  be  developed  in  an  electro-magnet  by  means  of  a  permanent 
magnet  of  much  smaller  power,  it  occurred  to  Wilde  that  a  large 
electro-magnet,  excited  by  means  of  a  small  magneto-electric 
machine,  might  by  suitable  arrangements  be  made  instrumental 
in  evolving  a  proportionately  large  amount  of  dynamic  electricity. 
In  order ^o  test  this  view,  a  machine  was  constructed  as  follows : — 

Two  magnet-cylinders  were  made  having  a  bore  of  aj  inches,  and  a  length 
of  i?-i  inches,  or  five  times  the  diameter  of  the  bore.  Each  cylinder  was 
fitted  with  an  armature,  round  which  was  coiled  an  insulated  strand  of 
ccpper  wire  67  feet  in  length,  and  0*15  of  an  inch  in  diameter.  Upon  one  of 
the  magnet-cylinders  sixteen  permanent  magnets  were  fixed,  and  to  the 
sides  of  the  other  magnet-cylinder  was  bolted  an  electro-magnet,  formed  of 
two  rectangular  pieces  of  boiler-plate  enveloped  with  coils  of  insulated 
copper  wire.  The  armatures  of  the  magneto-electric  and  electro-magnetic 
machines  were  driven  simultaneously,  at  an  equal  velocity  of  2,500  revolu- 
tions per  minute.  When  the  electricity  from  the  magneto-electric  machine 
was  transmitted  through  a  piece  of  No.  20  wire  004  of  an  inch  in  diameter 
a  length  of  three  inches  was  made  red-hot  When  the  direct,  current  from 
the  magneto-electric  machine  was  transmitted  through  the  coils  of  the 
electro-magnet  of  the  olectro-magnetic  machine  the  electricity  from  the 
latter  melted  eight  inches  of the  tame  sized  wire,  and  a  length  of  twenty-four 
inches  was  made  red-hot. 

When  the  electro-magnet  of  a  5-inch  machine  was  excited  by  the  2^ 
magneto-electric  machine,  the  electricity  from  the  5-inch  electro- magnetic 
machine  melted  fifteen  inches  of  No.  15  iron  wire  0*075  'nCi1  m  diameter. 

Having  thus  found  that  an  increase  in  the  dimensions  of  the 
machines  was  accompanied  by  a  proportionate  increase  of  the 
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magnetic  and  electric  forces,  Mr.  "Wilde  proceeded  to  construct  a 
machine,  the  magnet-cylinder  of  which  was  10  inches  in  diameter, 
the  weight  of  the  electro-magnet  was  nearly  3  tons,  and  the  total 
weight  of  the  machine  ahout  4$-  tons.  The  machine  was  furnished 
with  two  armatures,  one  for  the  production  of  '  intensity,'  and  the 
other  for  the  production  of  *  quantity'  effects. 

The  'intensity'  armature  was  coiled  with  an  insulated  conductor 
consisting  of  a  bundle  of  thirteen  No.  11  copper  wires,  each  0*125 
inch  in  diameter.  The  coil  was  376  feet  in  length,  and  weighed 
232  lbs. 

The  '  quantity'  armature  was  enveloped  with  folds  of  an  in-: 
sulated  copper-plate  conductor  67  feet  in  length,  the  weight  of 
which  was  344  lbs.  These  armatures  were  driven  at  the  uniform 
velocity  of  1,500  revolutions  per  minute,  by  means  of  a  broad 
leather  belt  of  the  strongest  description. 

When  the  direct  current  from  the  if -inch  magneto-electric 
machine,  having  on  its  cylinder  six  permanent  magnets,  was  trans- 
mitted through  the  coils  of  the  electro-magnet  of  the  5-inch 
electro-magnetic  machine,  and  when  the  direct  current  from  the 
latter  was  simultaneously  and  in  like  manner  transmitted  through 
the  coils  of  the  electro-magnet  of  the  10-inch  machine,  an  amount 
of  magnetic  force  was  developed  in  the  large  electro-magnet  far 
exceeding  anything  which  has  hitherto  been  produced,  accom- 
panied by  the  evolution  of  an  amount  of  dynamic  electricity  from 
the  quantity  armature,  so  enormous  as  to  melt  pieces  of  cylindrical 
iron  1 5  inches  in  length  and  fully  \  of  an  inch  in  diameter,  ana  1 5 
inches  of  copper  wire  (No.  11)  0*125  of  an  inch  in  diameter. 

When  the  'intensity'  armature  was  placed  in  the  magnet 
cylinder,  the  electricity  from  it  melted  7  feet  of  No.  1 6  iron  wire 
0*065  of  an  inch  in  diameter,  and  made  a  length  of  21  feet  of  the 
same  wire  red-hot. 

The  illuminating  power  of  the  electricity  from  the  intensity 
armature  was  of  the  most  splendid  description,  as  might  be 
expected : — 

*  When  an  electric  lamp,  furnished  with  rods  of  gas-carbon  half  an  inch 
square,  was  placed  at  the  top  of  a  lofty  building,  the  light  evolved  from  it 
was  sufficient  to  cast  the  shadows  from  the  flames  of  the  street-lamps,  a 
quarter  of  a  mile  distant,  upon  the  neighbouring  walls.  When  viewed  from 
that  distance,  the  rays  proceeding  from  the  reflector  had  all  the  rich  effulgence 
of  snnshine. 

'  A  piece  of  the  ordinary  sensitized  paper  such  as  is  used  for  photographic 
printing  when  exposed  to  the  action  of  the  light  for  twenty  seconds,  at  a 
distance  of  two  feet  from  the  reflector,  was  darkened  to  the  same  degree  as 
was  a  piece  of  the  same  sheet  of  paper  when  exposed  for  a  period  of  one 
minute  to  the  direct  rays  of  the  sun  at  noon,  on  a  very  clear  day  in  the 
month  of  March.' 
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The  extraordinary  calorific  and  illuminating  powers  of  the 
x  o-inch  machines  are  all  the  more  remarkable  from  the  fact  that 
they  have  their  origin  in  six  small  permanent  magnets,  weighing 
only  one  pound  each,  and  capable  at  most  of  sustaining  collectively 
a  weight  of  60  lbs. ;  while  the  electricity  of  the  magneto-electric 
machine  employed  in  exciting  the  electro-magnet  was  itself  in- 
capable of  heating  to  redness  the  shortest  length  of  iron  wire  of 
the  smallest  size  manufactured. 

The  production  of  so  large  an  amount  of  electricity  was  only 
obtained  by  a  correspondingly  large  amount  of  mechanical  force  ; 
for  it  was  found  that  the  large  electro-magnet  could  be  excited  to 
such  a  degree  that  the  Btrong  leather  belt  was  scarcely  able  to 
drive  the  machine. 

(256)  Tbe  Quantity  of  Electricity  given  by  Induction 
Machines. — A  valuable  memoir  on  this  subject  has  recently  been 
given  to  the  Royal  Society  by  the  Rev.  Dr.  Robinson  (Proc.  Royal 
Soc.  May  31,  1866).  The  attention  of  instrument  makers  has 
hitherto  been  chiefly  directed  towards  increasing  the  length  of  the 
spark  given  by  the  inductorium  (or  induction  coil),  but  in  doing  so 
they  have  not  added  to  the  quantity  of  electricity  produced,  which 
is  the  most  important  object  for  most  of  the  practical  applications 
of  the  instrument.  In  all  ordinary  cases  a  tension  which  gives 
sparks  four  inches  long  is  quite  sufficient.  This  will  be  given  by 
about  20,000  spires ;  all  beyond  this  only  adds  to  the  weight,  cost, 
and  difficulty  of  insulation. 

Dr.  Robinson  finds  that  the  quantity  of  electricity  increases  with 
the  diameter  of  the  wire  up  to  a  maximum,  which  is  attained 
when  this  is  about  the  sixty-fifth  of  an  inch.  Helices  may  be 
combined  either  for  tension  or  for  quantity  without  much  loss  of 
their  respective  powers.  When  arranged  for  tension  they  should  be 
combined  in  series,  and  in  this  way  sparks  may  be  obtained  of  a 
length  only  limited  by  the  strength  of  the  insulator.  "When  arranged 
for  quantity  they  must  be  set  collaterally,  ».  e.  all  their  positive 
terminals  connected  and  all  their  negatives :  the  resulting  cur- 
rent will  be  the  sum  of  the  separate  ones,  without  however  any 
increase  in  tension.  In  this  way  several  inductoria  may  be 
combined  like  voltaic  batteries,  and  an  amount  of  electric  power 
obtained  which  has  not  yet  been  approached  by  those  instruments, 
and  which  may  be  expected  to  prove  a  powerful  means  of  research. 

When  ten  or  twelve  inductoria  are  combined  there  should  be  a 
separate  battery  for  each,  the  negative  poles  of  the  batteries  being 
connected  with  the  mercury  of  the  rheotome  or  contact  breaker  ; 
if  the  mercury  be  made  positive  an  explosion  takes  place  at  each 
discharge,  scattering  about  the  mercury  and  the  alcohol  with 
which  it  is  covered. 
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Electro-chemical  classification  of  ele- 
ments, 211 

—  action  definite,  211 
Electro-magnetism,  256 
Electro- magnets,  276 

—  laws  which  govern  the  forces  of, 
277 

Electro-magnetic  action,  Faraday's 
preliminary  experiments  on,  272 

—  coil  machines,  320 

—  coil  machines,  various  forms  of, 
820 
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Electro-magnetic  coil  machines,  Hen- 
ley's, 321 
RuhmkorfFs,  322 

—  engines,  279 

Jacobi's,  280 

Page's  280 

Froment's,  281 

—  force,  law  of,  257 

—  measure  absolute,  199 

—  rotations,  273 

—  semaphores,  370 
Electrometer,  Henley's  quadrant,  42 

—  Lane's  discharging,  42 

—  Cuthbertson's  balance,  43 

—  Henley's  universal,  44 

—  charging  and  discharging,  42 

—  divided  ring,  Thomson's,  464 

—  portable,  Thomson's  465 

—  Coulomb's  torsion  balance,  6 
Electrometers  for   examining    atmo- 
spheric electricity  (see  Electricity, 
atmospheric). 

Electro-metallurgy,  220 

—  single  cell  apparatus  for,  221 
Electromotive  force,  meaning  of  the 

term,  189 
Electrolysis  of  salts,  226 
Electro-physiology,  138 
Electrophorus,  its  construction,  13 

—  Phillips's  modification  of,  13 
Electro- plating,  224 
Electroscopic  apparatus,  5 
Electroscope,  Gilbert  and  Hatty's,  4 
modifications  of,  6 

—  Snow  Harris's,  5 
Electroscopes  and  electrometers,  5 

—  for  examining  atmospheric  elec- 
tricity (see  Electricity,  atmo- 
spheric). 

Electro-thermometer,  66 
Electro-reduction  of  metals,  218 
Elements,  electrical  transfer  of,  210 
Elements,  electro-chemical  classifica- 
tion of,  211 
Elias's  method  of  magnetizing  steel 

bars  by  the  voltaic  current,  115 
Elkingtons,    their    electro- depositing 

works,  223 
Endosmose,  electrical,  230 
Engine,  electro-magnetic,  279 
Engraving  machine,  electric,  499 


Epinus's  method  of  making  artificial 

magnets,  114 
Explosion  of  Leyden  jars,  spontaneous, 

46 
Extra-current,  the,  316 


Faraday  on  electro-magnetic  rotations, 
274 

—  on  terrestrial-magneto  electric  in- 
duction, 299 

—  on  the  action  of  magnetism  on  light, 
283 

—  on  places  of  no  magnetic  action, 
271 

—  on  diamagnetic  polarity,  294 

—  on  the  quantity  of  electric  force  in 
matter,  215 

—  on  definite  electro-chemical  action, 
211 

—  on  the  order  of  metals  in  relation 
to  the  magnetic  force,  291 

—  on  charging  jars  by  the  induction 
coil,  345 

—  on  the  action  of  the  magnet  on 
salts,  291 

—  on  the  general  magnetic  condition 
of  matter,  286 

—  on  the  contact  and  chemical  theories, 
162 

Faraday's  experiment  showing  chemi- 
cal decomposition  without  contact  of 
metals,  157 

—  investigations  of  the  magnetic 
forces,  269 

—  explanation  of  Arago's  rotations 
300 

—  preliminary  experiments  on  electro- 
magnetic action,  272 

—  experiments  on  air  as  a '  pole,'  209 
on  the  decomposition  of  sulphate 

of  magnesia,  209 

—  voltameter,  212 

—  electrical  terms,  204 
Fishes,  electrical,  150 

Forbes,  Professor,  on  the  production  of 
a  spark  from  the  natural  magnet, 
304 

Franklin,  on  lightning  conductors,  87 

Franklin's  kite  experiment,  81 

Frog,  current  proper  of,  144 
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Frog,  galvanoscopic  preparation  of,140 
Froraent's  alphabetic  telegraph,  403 
—  electro-magnetic  engine,  281 
Fuses,  mining,  Abel's,  311 
Statham's,  318 


Galvanometer,  the,  general  principles 
of,  247 

sensibility  of,  247 

preparation  of  needles  of,  267 

astatic,  248 

Galvanometer,  the  tangent,  251 

—  Du  Bois  Reymond's,  249 

—  Melloni's  method  of  graduating, 
250 

—  the  sine,  253 

—  the  differential,  254 

—  the  reflecting,  254 

—  Professor  Thomson's  marine,  255 
Galvanoscopic    frog,   preparation  of, 

140 
Galvani's  celebrated  discovery,  138 

—  theory  of  animal  electricity,  139 
Garside's  electric  engraving  machine, 

499 
Gas  battery,  Grove's,  184 

experiments  with,  185 

various  forms  of,  186 

rationale  of,  186 

Gaseous  compounds,  decomposition  of, 

by  the  induced  current,  329 
Gases,  appearance  of  the  induced  spark 

in,  829 

—  diamagnetism  of,  288 

—  rarefied  appearance  of  the  induction 

spark  in,  330 
Gassiot  on  the  luminous  discharge  of 
voltaic  batteries    in  carbonic  acid 
vacua,  238  • 

—  his  electrical  cascade,  830 

—  his  investigations  on  the  stratifica- 
tions in  electrical  discharges,  333 

—  on  the  interruption  of  the  voltaic 
discharge  in  vacuo,  by  the  magnetic 
force,  246 

—  on  electrical  tension  -without  con- 
tact, 156 

—  his  later  investigations,  242 

—  on  the  formation  of  metallochromes, 
225 


Gassiot  on  the  heat  developed  at  the 
poles  of  a  voltaic  battery,  245 

—  on  the  cause  of  stratifications  in 
electric  discharges,  340 

—  his  apparatus  for  illuminating  by 
induced  currents,  343 

Gauss  and  Weber's  electro-magnetic 
telegraph,  357 

—  his  theory  of  the  earth  circuit,  378 

—  on  the  moment  magnetism  of  the 
earth,  125 

Gavarret's  explanation  of  the  pheno  • 

mena  of  the  earth  circuit,  379 
Greenwich  Observatory,  observations 
at,  on  atmospheric  electricity,  71 

exploring  conductor  at,  71 

electrometers  used  at,  72 

Grotthus's  hypothesis  of  electro-chemi- 
cal decomposition,  207 
Grove's  gas  battery,  184 

—  on  the  cause  of  stratifications  in 
electrical  discharges,  340 

—  on  stratified  electrical  discharges, 
331 

—  modification  of  Volta's  experiment, 
156 

—  nitric  acid  simple  battery,  17c) 

compound  batter}',  177 

Gutta-percha  and  copper,  relative  re- 
sistances of,  436 

—  insulating  properties  of,  436 

—  conductor  of,  431 
Gym  not  us,  the,  151 

Hunter's  engraving  of,  152 

anatomy  of,  152 

Faraday's  experiments  on,  153 

shock  from,  153 

spark  from,  153 

—  —  chemical  decomposition  by,  153 
magnetic  effects  of,  153 


Hansteen,  on  the    variation   of   the 

needle,  130 
Harday's  chronoscope,  492 
Harris's,  Sir  Win.,  illustrations  of  the 

action  of  lightning  conductors,  88 
lightning  conductorsfor  ships, 

90 
on  the  contact  and  chemical 

theories,  163 
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Harris,  Sir  Win.  Snow,  on  the  phe- 
nomena of  lightning,  86 

—  on  the  development  of  magnetism 
by  rotation,  300 

—  on  the  laws  of  magnetic  force, 
124 

Hemming's  electric  target,  495 
Henley's  dial  telegraph,  401 

—  electro-magnetic  coil  machine,  321 

—  magnetic  telegraphs,  394 
Henry's  coils,  318 

—  on  induction  currents  by  atmo- 
spheric electricity,  105 

—  researches  on  induced  currents, 
318 

Herschell  on  the  development  of  mag- 
netism by  rotation,  300 

Hipp's  telegraphic  receiving  instru- 
ment, 390 

Hofmann's  apparatus  for  passing  the 
induced  current  through  gases, 
329 

Holmes's  electric  lamp,  235 

—  magneto-electric  machine,  308 
House's  type  printing  machine,  390 
Hughes  on  the  velocity  of  the  trans- 
mission of  signals  through  subma- 
rine cables,  457 

—  his  type-printing  telegraph,  391 
Humboldt's  observations    on    atmo- 
spheric electricity,  67 

Hydro-electric  machines,  29 
Hydrogen,  electrical  spectrum  of,  341 

—  strongly  marked  diamagnetic  con- 
dition of,  289 

Hydrostatimeter,  electric,  497 


Illumination,  application  of  the  induced 

current  to,  343 
Inclination  compass,  128 
India-rubber,  insulating  power  of,  436 
Induced  electricity,  10 

—  —  distribution    of,    in    submarine 
cables,  460 

—  current,  phenomena  of,  328 

—  currents,  arresting  power  of,  291 
Induction  coil  machine,  Ritchie's  326 

RuhmkorfFs,  322 

large,  328 

Henley's,  321 


Induction  coil  machine,  Siemens  and 

Halske's,  328 

Ladd's,  328 

iron  wire  for  the  secondary 

coil  of,  328 
decomposition      of     gaseous 

compounds  by,  329 

spark  from,  in  air,  328 

in  liquids,  330 

in  rarefied  air  and  gases, 

330 

Masson  and  Breguet's,  322 

Hearder's,  322 

condenser  of,  324 

—  currents  produced  by  atmospheric 
electricity,  105 

by  the  discharge  of  a  Leyden 

jar,  104 

—  magnetic,  119 

illustrations  of,  120 

—  charge  in  a  cable,  laws  regulating 
the  quantity  of,  462 

—  by  voltaic  currents,  297 

—  terrestrial  magneto -electric,  299 

—  at  different  points  in  a  cable,  461 

—  in  telegraph  wires,  measurement  of, 
447 

—  specific,  16 

—  magneto-electric,  297 

—  Faraday's  theory  of,  14 

—  relation  of,  to  the  matter  through 
which  it  is  exerted,  15 

—  magnets,  new  phenomena  arising 
from,  500 

—  discharge  in  cables  used  to  measure 
insulations,  451 

—  an  essential  function  in  the  develop- 
ment of,  and  the  consequent  pheno- 
mena of  electricity,  10  • 

—  laffral,  53 

Inductive  action  of  discs,  laws  regulat- 
ing, 21 

—  capacity,  specific,  15 

—  forces,  direct  and  reflective,  Harris's 
investigation  on,  21 

Inductoria,  on  increasing  the  quantity 
of  electricity  produced  by,  504 

Insulating  properties  of  different  ma- 
terials, 436 

Insulator  of  the  submarine  cable,  485 

Iron,  passive  state  of,  178 
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Iron,  sounds  daring  the  magnetization 

and  demagnetization  of,  278 
Isodynamic  lines,  135 


Jacobi's  electro-magnetic  engine,  280 

—  on  the  laws  which  govern  the  forces 
of  electro-magnets,  277 

Jars,  Leyden,  arrangement  of,  for  con- 
tinuous charging  and  discharging 
by  the  induced  current,  346 

arrangement  of,  for  giving  a  per- 
manent charge,  846 

Jenkin  Fleeming  on  Weber  and  Thom- 
son's absolute  electro-magnetic  mea- 
sure, 200 

his    description    of  Thomson's 

electrometer,  465  . 

—  —  on  detection  of  faults  in  sub- 
marine cables,  472 

on  the  velocity  of  the  transmis- 
sions of  signals  through  submarine 
cables,  457 

on  the  measurement  of  induction 

in  submarine  cables,  449 

of  insulation  in  cables, 

451 

of  the  resistance  of  con- 
ductor!), 435 

Jones's  electric  clock,  486 


Kew  Observatory,  observations  on  at- 
mospheric electricity  at,  68 

exploring  conductor  at,  71 

Knight's  method  of  making  artificial 
magnets,  113 

Knoblauch  on  the  modification  of  mag- 
netic and  diamagnetic  action  by 
mechanical  arrangement,  292 

Krille's  chronograph,  492 


Ladd's  form  of  contact  breaker,  825 
Lamps,  electric,  284 
Lateral  discharge,  54 

Harris's  illustrations  of,  55 

—  induction,  53 

Lead  chloride,  electro-chemical  decom- 
position of,  214 


Lenz  on  the  cold  produced  in  a  thermo- 
electric arrangement  of  bismuth  and 
antimony,  354 

—  on  the  laws  which  govern  the  force 
of  electro-magnets,  277 

Lesage's  electric  telegraph,  355 
Leyden     battery,     arrangement     of, 

45 
the  enormous  one  constructed  by 

Cuthbertson,  45 
management  of,  46 

—  jars,  charged  by  the  induction  coil, 
846 

—  phial,  discovery  of,  38 

principles  of,  39 

construction  of,  41 

Sir  Win.    Harris's   method   of 

fitting  up,  42 

charge  and  discharge  of,  41 

the  opposite  electrical  states  of 

inner  and  outer  coating  of,  47 

free  charge  of,  48 

charged  by  cascade,  48 

luminous  or  spotted,  49 

charge  of,  resides  on  the  oppo- 
site sides  of  the  glass,  49 

powerful     mechanical    heating 

and  luminous  effects  of,  49 

deflagration  of  metals  by,  51 

equality  of  the  electricity  on  the 

inner  and  outward  surfaces  of,  51 
Light,  action  of  magnetism  on,  283 

—  —  — Btittger's  apparatus  for 

illustrating,  284 

—  law  of  the  action  of  magnetism  on, 
283 

—  production  of,  by  magnetic  electri- 
city, 308 

Lightenbergh's  figures,  47 
Lightning  conductors,  87 

for  telegraph  lines,  108 

Highton's,  108 

Walker's,  108 

Breguet's,  108 

American,  109 

Franklin's  method  of  defending 

buildings  by,  87 
for  ships,  90 

—  and  the  electric  spark,  analogy  be- 
tween, 81 

—  globular,  85 
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Lightning,  Snow  Harris's  observations 
on,  86 

—  varieties  of,  85 

Arago  on  the  phenomena  of, 

85 

Loadstone,  the  natural,  112 

Locke's  thermo-electric  pile,  351 

Log,  electric,  495 

Loom,  electric,  499 

Loitin's  general  description  of  the 
aurora,  96 

Luminous  discharge  of  voltaic  bat- 
teries in  carbonic  acid  vacua,  238 


Magnet,  the  native,  112 

—  the  artificial,  methods  of  making, 
113 

Knight's,  113 

Duhainel's,  113 

Mitchell's,  1 13 

Colomb's,  114 

Epinus's,  114 

by  the  voltaic  cur- 
rent, 115 
F.  lias's  method,  115 

—  electric  spark  from,  303 

—  action  of,  on  metals,  289 

—  natural,  electric  spark  from,  803 

—  artificial,  electric  spark  from,  804 

—  electro  spark  from,  304 

—  the  declination,  129 

—  fixed,  action  of,  on  a  moveable  con- 
ductor, 258 

—  rotation  of,  round  its  axis,  274 
Magnets,  artificial,  qualities  of  steel 

for,  121 

—  most  advantageous  form  for,  122 
Magnetic  needle,  variations  of,  in  Lon- 
don, 331 

inclination  of,  182 

change  of  the  inclination  of,  in 

London,  132 

periodic  variations  of,  132 

daily  changes  in  the  variation 

of,  132 
annual  change  in  the  variation 

of,  132 

—  bodies,  list  of,  287 

—  effects  of  the  voltaic  current,  247 

—  combinations,  laws  of,  122 


Magnetic  batteries,  123 

—  bars,  directive  power  of,  123 

—  force,  law  of,  123 

—  action,  modification  of,  by  mechani- 
cal arrangement,  292 

—  intensity,    diurnal    and    monthly 
changes  in,  135 

—  polarity,  270 

—  storms,  100, 136 

—  line  of  force,  definition  of,  300 

—  pole,  rotation  of,  round  a  conductor, 
273 

—  telegraphs,  89 1 

—  action,  places  of  no,  271 

—  properties   of    a    voltaic    current, 
275 

—  forces,  Faraday's  investigations  of, 
269 

—  and  electric  forces.  270 

—  needle,  variation  of,  130 

—  poles  116 

—  curves,  117 

—  induction,  119 

—  intensity,  terrestrial,  134 

—  condition  of  matter,  286 
Magnetism,  112 

—  terrestrial,  125 

—  development  of  rotation  by,  299 

—  theories  of,  264 

—  general  principles  of,  1 16 

—  action  of,  on  light,  283 
Magnetization  and  demagnetization  of 

iron,  sounds  during  the,  278 
Magnecrystallic  force,  supposed,  292 
Magneto-electricity,  297 
Magneto-electric  machine,  the,  305 

Pixii's,  305 

Saxton's,  305 

Holmes's,  308 

—  —  application  of,  to  the  production 
of  light,  308 

to  the  explosion  of  mines, 

309 

to  electro-plating,  225 

to  the  production  of  gas, 

309 
Wheats  tone's  exploder  for  mines, 

310 
theory  of,  316 

—  induction,  297 
terrestrial,  299 
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Magnesia  sulphate,  electro-chemical 
decomposition  of,  209 

Marcus's  thermo-electric  pile,  352 

Marine  galvanometer,  Professor  Thom- 
son's, 256  •» 

Mariners'  compass,  127 

Masson  on  the  charging  of  a  condenser 
by  the  induction  coil,  344 

Matter,  general  magnetic  condition  of, 
286 

Matteucci's  researches  in  electro- 
physiology,  142 

—  muscular  pile,  142 

—  experiments  on  the  conductibility 
of  the  earth,  377 

—  on  induction  currents  by  the  dis- 
charge of  a  Leyden  jar,  104 

Matthiessen,  on  the  conductivity  of 

copper,  431 
on    the  resistances  of  metals, 

192 

—  on  the  specific  resistances  of  metals 
and  alloys,  434 

—  on  the  thermo-electric  order  of 
metals,  350 

Melloni's    method    of  graduating    a 

galvanometer,  250 
Metallo-  chromes,  225 
Metals,  thermo-electric  series  of,  349 

Matthiessen  on  the,  350 

Cumming  on  the,  349 

—  order  of  metals  in  relation  to  the 
magnetic  force,  291 

—  electro  reduction  of,  218 

—  specific  resistances  of,  434 

—  action  of  the  magnet  on,  289 

—  electrical  spectra  of,  342 
apparatus  for  experiment- 
ing on  the,  342 

Miller,  Professor,  on  the  electrolysis  of 

polybasic  salts,  229 
Mitcli ell's  method  of  making  artificial 

magnets,  113 
Moigno's  theory  of  the  earth  circuit, 

378 
Morse  printing  telegraph,  the,  381 

—  alphabet  used  with,  381 

modification  of,  389 

view  of,  387 

Mouilleron  and  Vinay,  their  electric 

b  jdrostatimeter,  497 


Mflller  on  the  laws  which  govern  the 
forces  of  electro-magnets,  277 

Multiplier,  Varley's,  22 

Muscle  during  contraction,  physiolo- 
gical phenomena  of,  147 

Muscular  contraction,  production  of  an 
electric  current  by,  149 

—  electric  current,  the,  142 

—  pile,  electro-chemical  decomposition 
by,  144 


Napier,  on    the   preparation    of   ar- 

gento  and   auro-cyanide  solutions, 

224  « 

Navez's  chronoscope,  490 
Nerves  of  the  senses,  action  of  the 

electric  current  on  the,  148 
Nicholson  and  Carlisle,  their  discovery 

of  the  chemical  powers  of  the  voltaic 

pile,  203 
Nitrogen,  electrical  spectrum  of,  341 
Nobili  on  the  production  of  a  spark 

from  a  permanent  magnet,  303 
—  and  Melloni,  their  thermo-electric 

pile,  350 


(Epinus's  theories  of  magnetism,  264 
Oersted's  discovery   of   electro-mag- 
netism, 256 
Ohm's  law,  190 

application    of,     to    compound 

voltaic  circles,  193 
—  theory  in  relation  to  ocean  tele- 
graphy, 440 
Optic  axis  force,  supposed,  292 
Oxygen  a  magnetic  substance,  289 
Ozone,  production  of,  by  the  induction 
spark,  329 


Page's  electro-  magnetic  engine,  280 
Parallelogram  or  bridge,  Wheatstone's, 
construction  of,  194 

action  of,  194 

Paratonnerres,  or  lightning  conductors, 
for  the  protection  of  telegraph  lines, 
108 
Peltier's  electrometer,  74 
I    —  account  of  a  tornado,  93 
l2 
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Peltier  on  the  absorption  of  heat  by 
the  passage  of  electricity  through  a 
compound  conductor,  358 

Pendulums,  electric,  Bain's,  478 

—  Navez's,  490 

Pepys's  simple  voltaic  battery,  16G 

Pfaff  on  the  laws  which  govern  the 
forces  of  electro-magnets,  277 

Phosphorus  a  highly  diamagnetic  sub- 
stance, 287 

Physiological  effects  of  frictional  elec- 
tricity, 63 

Pile,  voltaic,  159 

chemical  powers  of,  208 

i  —  dry,  examination  of,  160 

experiments  witb,  161 

source  of  power  in,  161 

—  thermo-electric,  350 

Pixii's  magneto-electric  machine,  305 

Plants,  electricity  of,  154 

Plante  on  a  secondary  battery  of  great 
power,  183 

Plucker  on  electrical  spectra  in  at- 
tenuated gases,  340 

Pllicker'8  apparatus  for  examining  the 
action  of  magnetism  of  metals,  290 

Polarization,  182 

Pouillet  on  the  electricity  of  plants, 
155 

Pritchard,  Rev.  C,  on  polar  tension 
before  contact,  182 


Quantity,  meaning  of  the  term,  189 
Quet  on  stratified  electrical  discharges, 

331 
Quetelet's  observations  on  atmospheric 
electricity  at  the  Brussels  Observa- 
tory, 69 


Reflecting     galvanometer,     Professor 

Thomson's,  254 
Reiser's  electric  telegraph,  355 
Relays,  385 
Repulsion,     electrical,    measurement 

of,  8 
Resistance  coils,  Wheatstone's,  196 

—  electrical,  the  British  Association's 
unit  of,  202 

—  standards  of,  109 


Resistances  of  metals,  190 
Retardation  of  signals,  442 
Return  charge,  46 
Rheostat,  Wheatstone's,  196 
Rhumbs,  the  thirty -two  points  of  the 

compass,  126 
RuhmkoriFs     electro-magnetic     coil 

machine,  322 

—  original  induction  coil  machine,  322 

—  improvements  in,  325 
Richmann  killed  by  a  flash  of  lightning 

from  his  atmospheric  exploring  ap- 
paratus, 82 
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table  of  shallow  water,  420 

statistics  of  shallow   wuter, 

421 
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statistics  of  deep  sea,  429 
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—  battery,  heat  developed  at  the  poles 
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HTJMBEE'S  GEEAT  WOEK  ON  BBIDGE  CONSTETJCTION. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts — Theoretical,  Practical,  and  Descriptive. 
By  William  Humbeb,  Assoc.  Inst.  C.E.  and  M.  Inst.  M.E.  Second 
Edition,  in  2  vols.  imp.  4to.  with  95  Double  Plates  and  237  pages  of 
Text,  price  £6  \6s.  6d.  half- bound  in  morocco. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition 
to  elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance 
the  instructive  worth  of  these  illustrations.  No  engineer  would  willingly  be  without  so 
valuable  a  fund  of  information." — Civil  Engineer  and  Architect  r  Journal. 

"  The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  principles 
involved  in  the  various  forms  now  adopted  in  bridge  construction.  These  investigations 
are  exceedingly  complete,  having  evidently  been  very  carefully  considered  and  worked  out 
to  the  utmost  extent  that  can  be  desired  by  the  practical  man.  The  tables  are  of  a  very 
useful  character,  containing  the  results  of  the  most  recent  experiments,  and  amongst 
them  are  some  valuable  tables  of  the  weight  and  cost  of  cast  and  wrought-iron  structures 
actually  erected.  The  volume  of  text  is  amply  illustrated  by  numerous  woodcuts,  plates, 
and  diagrams ;  and  the  plates  in  the  second  volume  do  great  credit  to  both  draughtsmen 
and  engravers.  In  conclusion,  we  have  great  pleasure  in  cordially  recommending  this 
work  to  our  readers."— Artizan. 

"  Mr.  Humber's  stately  volumes  lately  issued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  directions  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  detail.'— Engineer. 

THE   HIGH-PEESSUEE    STEAM   ENGINE. 

THE  HIGH-PRESSURE  STEAM  ENGINE  :  an  Exposition  of  its 
Comparative  Merits,  and  an  Essay  towards  an  Improved  System  of 
Construction,  adapted  especially  to  secure  Safety  and  Economy.  By 
Dr.  Ernst  Alban,  Practical  Machine  Maker,  Plau,  Mecklenberg. 
Translated  from  the  German,  with  Notes,  by  Wm.  Pole,  C.E.,  F.R.A.S., 
Assoc.  Inst.  C.E.    With  28  fine  Plates,  8vo.  16*.  6d.  cloth. 

TABLIS   OF   CURVES. 

TABLES  of  TANGENTIAL  ANGLES  and  MULTIPLES  for  setting 
out  Curves  from  5  to  200  Radius.  By  Alexander  Beazeley,  M.  Inst 
C.E.  Printed  on  48  Cards,  and  sold  in  a  cloth  box,  waistcoat-pocket 
size,  price  3s.  6d. 

"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  the  pocket 
—an  arrangement  that  will  recommend  them  to  all  practical ,men." 

Engineer,  Nov.  24,1866. 
"Very  handy :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards, 
which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." 

Athena**,  Feb.  10, 1866. 
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HUMBEB'S   ANNUAL   RECORD   OF  MODERN  ENGINEERING. 

Now  ready,  Imp.  4to.  with  40  Double  Plates,  drawn  to  a  large  scale,  and 
Portrait  of  Robert  Stephenson,  3/.  3a.  half-morocco. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEERING,  1865: 
Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway,  Bridge,  and 
other  Engineering  Works.  By  William  Humbeb,  Assoc.  Inst.  C.E. 
and  M.  Inst.  M.E.,  Author  of  '  A  Complete  and  Practical  Treatise  on 
Cast  and  Wrought-Iron  Bridge  Construction.' 

Amongst  the  Illustrations  will  be  found  the  following : — Metropolitan 
Main  Drainage :  Works  on  the  Northern  Side — Works  at  River  Lee ; 
Bridge  over  Marsh  Lane  and  Bow  and  Barking  Railway  Junction ; 
Bridge  over  Main  Line  of  Bow  and  Barking  Railway  ;  Bridge  over  the 
East  London  Water  Works  Feeder ;  Details  of  the  Reservoirs,  Outlets 
into  the  River  and  Penstocks.  On  the  Southern  Side — The  Bellmouth 
Junctions  of  the  Sewers  on  the  Bermondsey  Branch ;  Details  of  Reser- 
voirs, and  General  Sections  of  Sewers.  Thames  Embankment :  Steam 
Boat  Pier,  Westminster  Bridge;  Landing  Stairs  between  Westminster 
and  Charing  Cross ;  Landing  Stairs  at  York  Gate ;  Steam  Boat  Pier, 
Waterloo  Bridge,  &c.  &c,  with  full  detailed  Sections  of  River  Wall ' 
and  Subway. 

The  letterpress  contains  a  full  description  of  the  works  of  the 
Main  Drainage  and  Thames  Embankment,  together  with  articles  on 
the  Formation  of  Harbours,  Ports,  and  Breakwaters,  Fortifications, 
Rolling  Stock,  and  Armour  Plates. 


*#*  Also  may  be  had,  uniform  with  the  above,  imperial  4to.  illus- 
trated with  36  Double  Plates,  and  a  Photographic  Portrait  of  John 
Hawkshaw,  Esq.,  F.R.S.,  late  President  of  the  Institution  of  Civil  En- 
gineers, price  3/.  3s.  each,  half-bound  in  morocco, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEERING,  1863. 

Opinions  of  tlte  Preu. 

"  Handsomely  lithographed  and  printed,  it  will  find  favour  with  many  who  desire  to  pre- 
serve in  a  permanent  form  copies  of  the  plana  and  specifications  prepared  for  the  guidance  of 
the  contractors  for  many  important  engineering  works."— Engineer. 

"  The  large  plates  illustrating  the  works  which  have  been  selected  by  the  Editor  for  the 
first  examples  of  modern  engineering  progress  are  well  execnted.  and  the  text  is  devoted 
to  the  specifications  issued  by  the  engineers,  and  upon  which  the  tenders  for  the  execu- 
tion of  the  works  were  based."— Artizan,  April  1863. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEERING,  1864. 

Opinions  of  the  Press. 

"The  engineering  annual  before  us  fully  maintains  Mr.  H umber's  reputation  as  an 
author.  It  is,  as  it  professes  to  be,  a  resumi  of  all  the  most  interesting  and  important 
works  lately  completed  in  Great  Britain :  and  containing,  as  it  does,  carefully-executed 
drawings,  with  full  working  details,  will  be  found  a  valuable  accessory  to  the  profession 
at  large."— Engineer,  Nov.  24, 1865. 

"  The  entire  work  gives  evidence  of  the  display  of  a  large  amount  of  care  and  judgment 
by  the  author,  both  in  the  selection  and  arrangement  of  the  materials.  The  book  is  one 
which  cannot  fail  to  be  most  favourably  received,  from  its  inherent  worth  and  great  value 
to  the  engineering  profession."— Mining  Journal. 

"  A  very  excellent  record  of  public  works  in  progress,  or  completed  in  1861."— Artizan. 

"  Mr.  Humber  has  done  the  profession  good  and  true  service  by  the  fine  collection  of 
examples  he  has  here  brought  before  them.  —Practical  Mechanic's  Journal. 

*#*  This  Woek  will  be  continued  annually. 


OBLIQUE   BRIDGES. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  foiling  Plates.  By  Geo.  Watson  Buck, 
M.  Inst.  C.E.  Second  Edition,  corrected,  by  W.  H.  Barlow,  M.  Inst. 
C.E.    Imperial  8vo.  12s.  cloth. 

HYDRAULICS. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE  for 
finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes, 
and  Rivers.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Second 
Edition,  with  extensive  Additions,  New  Formulae,  Tables,  and  General 
Information  on  Rain -fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  With  numerous  Woodcuts, 
8vo.  165.  cloth. 

LEVELLING. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of  LEVEL- 
LING; showing  its  Application  to  Purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads ;  with  Mr.  Telford's  Rules 
for  the  same.  By  Frederick  W.  Simms,  F.G.S.,  M.  Inst,  C.E.  Fifth 
Edition,  very  carefully  revised,  with  the  addition  of  Mr.  Law's  Practical 
Examples  for  Setting  out  Railway  Curves,  and  Mr.  Trautwinb's  Field 
Practice  of  Laying  out  Circular  Curves.  With  7  Plates  and  numerous 
Woodcuts.     8vo.  8s.  6d.  cloth. 

N.B. — Traotwinb  on  Laying  out  Circular  Curves  may  be  had  sepa- 
rately, price  5s. 

TUNNELLING. 

PRACTICAL  TUNNELLING ;  explaining  in  Detail  the  Setting  out 
of  the  Works ;  Shaft  Sinking  and  Heading  Driving ;  Ranging  the 
Lines  and  Levelling  Under-Ground ;  Sub-Excavating,  Timbering,  and 
the  Construction  of  the  Brickwork  of  Tunnels ;  with  the  Amount  of 
Labour  required  for  and  the  Cost  of  the  various  Portions  of  the 
Work.  By  Fredk.  W.  Simms,  F.R.A.S.,  F.G.S.,  M.  Inst.  C.E.,  Author 
of  "  A  Treatise  on  the  Principles  and  Practice  of  Levelling,"  &c.  &c. 
Second  Edition,  revised  by  W.  Davis  Haskoll,  Civil  Engineer,  Author 
of  "  The  Engineer's  Field-Book,"  &c.  &c.  With  16  large  folding  Plates 
and  numerous  Woodcuts.    Imperial  8vo.  11.  Is.  cloth. 

HARBOURS. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS.  By  Thomas 
Stevenson,  F.R. S.E.,  M.I. C.E.  Reprinted  and  enlarged  from  the 
Article  "Harbours,"  in  the  Eighth  Edition  of  "The  Encyclopaedia 
Britannica."    With  10  Plates  and  numerous  Cuts.    8vo.  10s.  6d.  cloth. 

CANAL   ENGINEERING. 

CANAL  and  RIVER  ENGINEERING.    By  David  Stevenson, 

F.R.S.E.,  M.  Inst.  C.E.     Small  8vo.  cloth,  with  Plates  and  Woodcuts, 

price  4s.  6d. 

Contents.— Introduction.  I.— Canals.  II.— Rivers:  their  Physical  Characteristics. 
III. — The  "Biver  Proper"  Department.  IV. — Tidal  Compartments  of  Rivers.  V. — Ap- 
plication of  these  Works  in  Practice.  VI.— Instances  where  the  Principles  of  Improve- 
ment recommended  are  not  applicable.  VII.— Works  for  Accommodation  of  Vessels. 
VIII.—"  Sea  Proper  "  Department  of  Rivers.  IX.— Formation  and  Reclamation  of  Land. 
X.— Table  of  the  Physical  Characteristics  of  various  Rivers. 


8TBENGTH   OF   CAST  IRON  Ac. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON  and 
OTHER  METALS ;  intended  for  the  Assistance  of  Engineers,  Iron- 
Masters,  Millwrights,  Architects,  Founders,  Smiths,  and  others  engaged 
in  the  Construation  of  Machines,  Buildings,  &c. ;  containing  Practical 
Rules,  Tables,  and  Examples,  founded  on  a  series  of  New  Experiments ; 
with  an  Extensive  Table  of  the  Properties  of  Materials.  By  the  late 
Thomas  Thkdoold,  Mem.  Inst.  C.E.,  Author  of  "  Elementary  Princi- 
ples of  Carpentry,"  "  History  of  the  Steam-Engine,"  &c.  Illustrated 
by  several  Engravings  and  Woodcuts.  Fifth  Edition,  much  improved, 
with  Notes  by  Eaton  Hodgkinson,  F.R.S. ;  to  which  are  added 
EXPERIMENTAL  RESEARCHES  on  the  STRENGTH  and  OTHER 
PROPERTIES  of  CA8T  IRON ;  with  the  Development  of  New  Prin- 
ciples, Calculations  Deduced  from  them,  and  Inquiries  Applicable  to 
Rigid  and  Tenacious  Bodies  generally.  By  the  Editor.  With  9  En- 
gravings and  numerous  Woodcuts.     8vo.  12«.  cloth. 

*#*  Hodokinsok's  Experimental  Researches  on  the  Strength 
and  Othbb  Properties  of  Cast  Iron  may  be  had  separately.  With 
Engravings  and  Woodcuts.     8vo.  price  6».  cloth. 

LAYING  OUT  CURVES. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR  CURVES 
for  RAILROADS.  By  John  C.  Tkautwinb,  C.E.,  of  the  United 
States  (extracted  from  Simms's  Work  on  Levelling).     8vo.  5*.  sewed. 

IRON   BREAKWATERS. 

ON  IRON  BREAKWATERS  and  PIERS.  By  E.  B.  Webb,  C.E., 
M.I.C.E.,  &c.  &c.     With  Illustrations.     4to.  2«.  sewed. 

WEALE'S  ENGINEER'S  POCKET-BOOK. 

THE  ENGINEER'S,  ARCHITECT'S,  and  CONTRACTOR'S 
POCKET-BOOK  (Lockwood  &  Co.'s ;  formerly  Wealb's).  Published 
Annually.      (1867.     Now  ready.) 

***  No  effort  has  been  spared  to  render  this  book  every  year  still 
more  worthy  of  the  large  patronage  which  has  been  extended  to  it. 
Under  the  superintendence  of  a  practical  Engineer  and  Architect,  new 
articles  are  introduced,  and  the  whole  carefully  revised  and  adapted  to 
the  present  advanced  state  of  Science. 

Principal  Contests  or  thb  1867  Issux. 

General  Calendar,  and  usual  Almanac  Information;  Gas.  Engineers'  Calendar;  the 
Atlantic  Telegraph;  Rule*,  FonnulK.  Co -emeu;  Ms,  icon  Ventilation,  Wrought-Iron 
Girders,  Cast-Iron  and  Oak  Colnmns  and  Pillar*  Cast-iron  Girders,  Iron  Hoofs,  Water- 
works, Reservoirs  and  Filter  Rede,  Sewers,  Hydraulics,  Water  Wheels,  Turbine  Water 
Wheel*,  Pressure  of  Water,  Pumping',  Hydraulic  Press,  Gas  Works.  Memorandum 
Book  of  Mr,  Telford ;  Epitome  of  Mensuration  j  Quantities  of  Material!) ;  Retaining  Walls, 
Rules,  and  Fonuulie;  Memoranda  for  Brickwork  jTablw  of  Natural  Sines.  CoHintw, 
TanKenw,  Cotangents,  Secants,  Cosecant*,  with  TnEoaometricol  Motes;  Memoranda 
relating  to  Steam  and  the  Steam  Engine— Proportions  of  Boilers— Enpinert ;  Tables  of  the 
Economic  Value  and  Composition  of  Cools;  Fnel.  Boilers,  Furnaces,  ic;  Table  of  the 
Elastic  Properties  of  Steam;  Evaporative  Power  of  Cools;  Consumption  of  Cool  in 
Steamers  s  Knot  Tables;  Friction— Res  nits  of  Experiments;  Specific  Gravity  of  Gases; 
Dilatation  of  Solids— Effect*  of  Heat :  Thermometers— Tables  for  Fahrenheit,  Reaumur, 
Centigrade;  Table  of  Specific  Gravities ;  Stone ;  Current  Coins  of  the  Principal  Com- 
mercial Countries,  and  their  Values  in  British  Money  ;  Imperial  Standard  MeaMires  of 
Crest  Britain;  Commercial  Weight*  and  Measures  of  different  Countries,  and  their 
Equivalent,  in  British  Weights  and  Mpobutcs;  Toblefor  Convertinr  British  Woiphts  and 
Measures  into  the  Decimal  Metric  System:  Setting  out  Curves:  Table  f or  Chain  uaa; on 
Sloping;  Ground ;  Table  for  the  Bednctlonof  Feet,  Links,  and  Ineh.**  ;  Obituary  for  IMH-r, ; 
Lists  of  Members  of  the  Institution  of  Civil  Engineers  and  Ku>al  Institute  of  British 
Architects,  corrected  to  2fov«nW  1908. 

6 


FIRE    ENGINEERING, 


FIRE 

Now  ready,  with  numerous  Illustrations,  Diagrams,  &u„,  handsomely  printed, 
544  pp.,  demy  8vo.  price  £1  -I ■■-. 
FIRES,  FIRE-ENGINES,  and  FIRE-BRIGADES:  with  a  History  of 
Manual  and  Steam  Firo  Engines,  their  Construction,  Use,  and  Muuag*- 
ineut;  Remarks  on  Fire-proof  Buildings,  and  the  Preservation  of 
Life  from  Fire  ;  Statistics  of  the  Fire  Appliances  in  English  Towns ; 
Foreign  Fire  Systems;  Hints  for  the  Formation  of,  and  Rules  for, 
Fire  Brigades ;  and  an  account  of  American  Steam  Fire  Engines.  By 
Chaioes  F.  T.  You  no,  C.E,  Author  of  "The  Economy  of  Steam 
Power  on  Common  Roads,"  &c. 


"A  large,  woll-tuled.  and  useful  book  upon  a  anbjoct  which  possesses  a  wide  and  in* 

craning  public  Interest To  such  of  our  readers  as  are  interested  in  the  subject 

ind  rire-a|ipurarnB  wo  can  most  heartily  commend  thin  book.    ....    It  ia  really 
the  only  English  work  we  now  nave  upon  the  euhiect."—  Jintiiuerriair. 

"  Mr.  Young  baa  proved  by  his  present  work  that  he  ia  a  pood  engineer,  and  possessed 
ot  sufficient  literary  Bkill  and  energy  to  pruiluce  ■  Wry  readable  aud  Interesting  volume." 

Engineer. 

"The  protection  ot  life  and  property  from  Are  each  day  receives  Increasing1  attention. 
and  Mr,  Youuir'a  book  in  in  every  was  entitled  to  be  closely  itndied  by  all  who  wunhlcilauu 
a,  thorough  knowledge  of  the  subject."— it  mini/  JonrtuU, 

"  A  volume  which  must  be  regarded  as  the  toxt-book  of  its  anbject,  and  which  In  point 

•- ■!  awl  intrinrtio  value  ia  second  to  no  contribution  to  u  special  dewirtniont  of  hie- 

tory  with  which  we  are  acquainted.    '  Fires,   Fire  Enirines,  and  Fire  Brigades '  i*  the 

production  of  an  earnest  and  diligent  writer  who  comes  to  the  task  he  lias  undertaken 

with  &  thorough  love  of  it,  andtihrni  d.'termiaoticn  to  do  it  justice T 

of  tha  work  ia  admirable.  ....  It  has  the  surpassing  merit  of  being  thoroughly  re- 
liable."— IiuuruHi.it  Uncord. 

"A  useful  compendium  on  All  branches  of  the  exciting  subject  of  fire."— Builder. 

"  Mr.  Young  haa  produced  a  really  exhaustive  work."— City  Presi. 

"  The  Author  haa  taken  peat  paina  to  collect  information  of  every  kind  and  from  every 
quarter  in  connection  with  hie  subject."— -v.-  ■■■'•■■■ 

EARTHWORK,   MEASUREMENT  AND    CALCULATION   OF, 

A  MANUAL  on  EARTHWORK.     By  Ai.kx.  J.  S.  Graham.  C.E., 

Resident  Engineer,  Forest  of  I)eua  Central  Railway.     With  numerous 
Diagrams,     loino.  2s.  6d.  cloth. 

"  We  con  cordially  recommend  the  work  to  the  notice  of  our  readers."— Btildlng  fftvt. 

"  Aa  a  really  handy  book  for  reference,  we  know  of  no  work  equal  lo  it :  and  the  railway 
engineer*  and  other*  employed  in  the  measurement  and  calculi.  •  ion  wul  una 

a  great  amount  of  practical  information  very  admirably  arranged,  and  available  f.r 
treiLorul  or  rou«h  eatiuuites,  as  well  as  for  this  more  esuct  calculation*  required  in  the 
engineers'  contractor's  orHcos," — Artlzan. 

"  The  object  of  this  little  book  is  an  investigation  of  nil  the  principles  reiraiaito  for  the 
'eoBiirement  and  calculation  of  earthworks,  and  a  consideration  of  the  d»La  necessary 
„a*  snch  operations.  The  anthor  has  evidently  bestowed  much  care  in  effecting  thia 
i  liject.  and  iMiinta  out  with  much  clearness  the  reunite  of  bin  own  observations,  denied 
'rom  practical  experience.  The  subjects  treated  of  are  accompanied  by  well-executed 
land  instructive  examples."— Army  uiut  A'ucp  Guzelu. 

BAILWAY    EWGINEEKING. 

THE  PRACTICAL  RAILWAY  ENGINEER.     A  Concise  Dm 

i In-  Engineering  and  Itfechanicftl  Operations  and  Structures 
which  arc  COmmaed  in  tli©  Formation  of  Rail  ways  for  Public  Traffic; 
embracing  an  Account  of  the  Principal  Works  executed  in  toe  Con* 
.ii  uf  Railways  ;  With  Facts,  Figures,  and  Data,  intended  to 
iiHsisi  the  Cwil  Engineer  in  designing  and  executing  the  important 
details  required.  Ry  G.  DttTSDACS  DsWSJrr,  C.E.  Fourth  I . 
rertsed  and  greatly  extended.  With  71  double  quarto  Plates,  72 
Woodeuts,  and  Portrait  of  George  Stephenson.  Une  large  vol.  4tu. 
27.  12a.  Gd.  dotL 
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FIELD-BOOK  FOB  ENGINEERS. 

THE   ENGINEER'S,    MINING    SURVEYOR'S,  and  CONTRAC- 
TOR'S FIELD-BOOK,  for  Expediting  Field-Work  Operations ;  being 
a  series  of  Tables,  with  Rules  and  Notes,  for  Plotting  Traverse  Sur- 
veying and  giving  Differences  of  Level  with  Corresponding  Horizontal 
Distances  in  taking  Levels  with  the  Theodolite,  and  for  setting  out 
Curves  and  Slopes  without  Calculation.     Arranged  for  any   Unit  of 
Measurement,  as  Chains  or  Feet,  Links,  or  Metres.      By  W.  Davis 
Haskoll,  C.E.     Price  12«.  strongly  bound,  roan  tuck,  with  pockets, 
gilt  edges. 
"  A  very  useful  work  for  the  practical  engineer  and  surveyor."— Railway  Newt. 
"  The  hook  is  very  handy,  and  the  Author  might  have  added  that  the  separate  tables  of 
sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existing  all  the  same." — Athenaeum. 

"  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability  and 
utility,  to  be  extensively  patronised  by  the  engineering  profession." — Mining  Journal. 

"  We  know  of  no  better  field-book  of  referenoe  or  collection  of  tables  than  that  Mr. 
Haskoll  has  given."— Artizan. 
"  A  series  of  tables  likely  to  be  very  useful  to  many  civil  engineers."— Building  Netci. 

BRIDGE  CON8TBT7CTION  IN  MASONRY,   TIMBER,  AND  IRON. 
EXAMPLES  of  BRIDGE  and  VIADUCT    CONSTRUCTION  of 
MASONRY,  TIMBER,  and  IRON.     From    the  Contract  Drawings 
or  Admeasurements  of  select  Works.     By  W.  Davis  Haskoll,  C.E. 
With  46  Plates.     Imp.  folio,  price  21.  Is.  in  wrapper,  cloth  back. 


are  all  to  scale,  are  executed  in  the  best  style." — Railway  Newt. 

"  Mr.  Haskoll  has  produced  a  volume  that  must  be  considered  to  have  a  great  deal  of 
practical  value.  .  .  .  The  want  of  engineering  drawings  was  much  felt,  and  it  was  pre- 
cisely the  class  of  which  these  examples  are  composed  that  were  most  wanted." 

Building  Newt. 

"  A  number  of  very  excellent  lithographs  of  different  bridges  and  viaducts  erected  in 
England  for  some  of  the  railway  lines  in  masonry,  timber,  and  iron." — Builder. 


ARCHITECTURE. 


CHAMBERS'    CIVIL   ARCHITECTURE,    BY   GWILT. 

A  TREATISE  on  the  DECORATIVE  PART  of  CIVLL  ARCHI- 
TECTURE.    By  Sir  William  Chambers,  K.P.S.,  F.R.S.,  F.S.A., 
F.R.S.S.     With  Illustrations,  Notes,  and  an  Examination  of  Grecian 
Architecture,  by   Joseph    Gwilt,  F.S.A.    New  and  Cheap  Edition, 
revised  and  edited  by  W.  H.  Lbeds.     With  65  Plates  and  Portrait  of 
the  Author.     Royal  4to.  ll.  Is.  cloth. 
*•*  A  new  edition  of  this  standard  architectural  work  (which  has  already  passed  through 
several  high-priced  issues),  so  cheap  as  to  place  it  within  the  reach  of  the  humbler  classes 
of  students  and  practical  men,  and  at  the  same  time  so  carefully  edited  and  well  executed 
as  to  make  it  worthy  of  a  place  on  the  shelves  of  the  more  opulent,  cannot  fail  to  be 
received  as  a  boon  by  the  professional  public. 

COTTAGES,   VILLAS,   AND  COUNTRY  HOUSES. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and  COUN- 
TRY HOUSES  ;  being  the  Studies  of  several  eminent  Architects  and 
Builders ;  consisting  of  Plans,  Elevations,  and  Perspective  Views ; 
with  approximate  Estimates  of  the  Cost  of  each.  In  4to.  67  Plates, 
price  1/.  1«.  cloth. 
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VILLA   ARCHITECTURE, 

A  HANDY  BOOK  of  VIM, A  ARCHITECTURE;  1 

Di  ngna  for  Villa  Residences  Id  various  Style*.    With  L>,-i  -. iLo-1  S: 
cations  and   Estimates.     Ry  C,    WtQKM,    Architect,  Author  of  "  The 

Spires  and  Towers  of  tho  Mwliteval  Churches  of  England,"  &c.  First 
Series,  conriatiog  of  30  Pi  nl  Series,  31  Plates.    Comr- 

one  vol.  4to.  price  2/.  10-s.  kalf-morocco, 

%*  Either  Series  may  bo  had  separately,     Frkv  1'.  7-     .     >.  luilf- 
morocco. 

THE  YOUNG  ARCHITECT'S  BOOK. 

HINTS  to  YOUNG-  ARCHITECTS;  comprising  Advice  to  those  who, 
while  yet  at  school,  are  destined  to  the  Profession  j  to  such  as,  having 
passed  their  pupilage,  are  about  to  travel ;  and  to  those  who,  having 
completed  their  education,  are  about  to  practise-.  By  limnoF  W'ir.H  i 
wick.  Architect,  Author  of  "The  Palace  of  Architecture."  &c.  &c. 
Second  Edition.     With  numerous  Woodcuts.     Syo.  7*-  extra  cloth. 

VENTILATIOir. 

A  TREATISE  on  VENTILATION,  NATURAL  and  ARTIFICIAL 

By  RoSUT  RnruiK,  C  E.,  Associate,  of  the  Institution  of  CiwI   i 

«,  London;  Past  Vice-President  of  tho  Royal  Scottish  Society  of 

Altx;  Aflthor  of  "Railways,  their  Rise,  Progress,  and  Cons! ruction  ;  " 

'•  The  Farm  Engineer, with  Remarks  on  theVentilat ion  of  Farm  Buildings," 

and  various  Pnae  Essays  on  the  Ventilation  of  Factories,  Ships,  &&  <Ve. 

Willi  numerous  plates  and  woodcuts.     8vo.  8a,  6d.  cloth. 

"  An  interesting  and  extremely  useful  voluinu.  In  which  the  subject  of  ventilation  is 
.. natively  treated."— Him  up  Journal, 

"  We  do  not  know  to  what  work  wo  oonld  rufer  the  renter  for  a  mora  complete  yet  ooti- 
cUo  account  of  the  whole  subject  01  ven.tUiitiou.    Thin  umst  continue  to  be  tor  eoi 

i  >aok  ii|-  'ii  "Tie  of  the  eliisf  dilTicultius.  of  domestic  architectural  construction  and 
of  social  hygienics."— IMneet. 

"  A  oaefnl  book  on  »  most  Important  and  practical  jrabJBCt,  .  .  .  The  subject*  treated  of 
arc  illustrated  by  numerous  plates  and  woodcuts. "— Builder. 

"  Will  be  found  exceedingly  useful  as  a  hook  of  reference  by  all  those  interested  in  tha 
subject  of  ventUatlon,  whether  applied  to  public  or  private  buildings,  minoa,  or 

Artim  a. 
"  We  would  stronrly  recominead  Mr.  Ritchie's  book  to  young:  architects,  builders,  and 
amateur*  In  the  sanatory  condition  of  their  fellow-breathers,  for  it  will  put  them  r  [ i .  .- 
roughly  on  their  gnard  jiL-aiti-i  spending  time  and  money  in  useless  good  intentions.  .  .  . 
mota  much  froma  book  so  full  of  scientific  remarks,  and  dia- 
grams, and  references  to  them.  We  shall  onoe  again  heartily  rooommend  it  to  all  who 
lake  an  interest  in  the  subject  on  which  be  ao  fully  and  bo  ably  and  cundiilly  treats." 

Nortt  Hrituh  Ai/ricul(nrUt. 

BUILDER'S   AND   CONTRACTOR'S   PRICE   BOOK. 

LOCKWOOD  &  CO.'S  (formerly  WEALE'S  )  BUILDER'S  and 
CONTRACTOR'S  PRICE  BCN  lied  .annually.     fr>nt*ining 

tli.'  luteal  Prices  for  Work  in  all  br.ii:  •  Buildilig  Trade,  with 

Items  numbered  for  ca«y  reference,  and  an  Appendix  of  Tablea,  Notes, 
and  Memoranda,  arranged  to  afford  detailed  information  tvnimonly 
required  in  preparing  Estimates,  &c.  Edited  by  BsOBOfl  I»-  IIi-ii.vku, 
F.O.S..  F.S  A..  &c,  Civil  Engineer  and  Architect.  l2mo.  4*.  cloth, 
lettered.     (18G7.     Now  ready.) 

*,•  Thia  book  is  now  the  universally  recognised  arbitrator  in  the  settlement  of  disputed 
accounts.    The  present  Rdition  \lt*7   hoelieen  thoroughly  revised;  everv 
Imw  been  carefully  con"idered  and  eomi'art'd  with  eii- 1 
from  stereotype  plates  year  after  year,  as  li  the  cane  with  other  book*  of  the  kind,  errors 

i  'UrpotuAt-.fi,  and  the  opportunity  is  taken  in  every  reprint  to  introduce 
prices  .L<.iii'iii.-i-<Uv:r.\M.;  km]  roremeiita. 
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DRAWING  FOB  BTJILDEBS  AND  STUDENTS. 

PRACTICAL    RULES    on    DRAWING    for    the     OPERATIVE 
BUILDER  and  YOUNG    STUDENT  in  ARCHITECTURE.     By 

George  Pyke,  Author  of  a  "  Rudimentary  Treatise  on  Perspective  for 

Beginners."     With  14  plates,  4to.  7*.  6d.  boards. 

Counters.— I.  Practical  Rules  on  Drawing— Outlines.  II.  Ditto— the  Grecian  and  Roman 
Jrders.  III.  Praotical  Rules  on  Drawing— Perspective.  IV.  Practical  Rules  on  Light  and 
3hade.  V.  Practical  Rules  on  Colour,  &o.  &o. 


HAYAL  ARCHITECTURE. 


SHIP-BUILDING  AND  STEAK  SHIPS. 

SHIP-BUILDING  in  IRON  and  WOOD  By  Andrew  Muhrat, 
M.I.C.E.,  Chief  Engineer  and  Inspector  of  Machinery  of  H.M.'s  Dock- 
yard, Portsmouth;  and  STEAM  SHIPS,  by  Robert  Murray,  C.E, 
Engineer  Surveyor  to  the  Board  of  Trade.  Second  Edition,  in  1  voL 
4to.  with  28  Piates  and  numerous  Woodcuts,  price  14«.  cloth. 
"  Indispensable  in  the  offloe  of  the  naval  arohiteot,  whether  ^employing-  wood  or  iron." 

Practical  Mechanict'  Journal. 
"  Ought  to  be  in  the  hands  of  ever?  shipbuilder  or  shipwright."-  Sunderland  Herald. 

IBON  SHIP-BUILDING. 

ON  IRON  SHIP-BUILDING ;  with  Practical  Examples  and  Details, 
in  24  Plates;  together  with  separate  Text,  containing  Descriptions, 
Explanations,  and  General  Remarks,  for  the  use  of  Ship-owners  and 
Ship-builders.  By  John  Grantham,  O.E.,  Consulting  Engineer  and 
Naval  Architect.  Fourth  Edition.  The  Plates  of  the  present  work 
have  been  prepared,  and  the  subjects  drawn,  in  elevation,  plan,  and 
detail,  to  a  scale  useful  for  immediate  practice,  in  a  folio  size,  with 
Figured  Dimensions,  and  accompanied  by  a  small  volume  of  Text 
(which  may  be  had  separately,  price  2s.  6d.)  Price  1/.  5s.  complete; 
the  Plates,  in  wrapper,  folio,  and  the  Text  in  12mo.  red  cloth  limp. 


CARPEHTRY,  TIMBER,  ETC. 

BEDGOLD'S  CABPENTST. 

THE  ELEMENTARY  PRINCIPLES  of  CARPENTRY :  a  Treatise 
on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs, 
Uniting  Iron  and  Stone  with  Timber,  &c. ;  with  Practical  Rules  and 
Examples.  To  which  is  added  an  Essay  on  the  Nature  and  Properties 
of  Timber,  including  the  Method  of  Seasoning  and  the  Causes  and 
Prevention  of  Decay,  with  Descriptions  of  the  Kinds  of  Wood  used 
in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Timber  for 
different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Trbdgold,  Civil  Engineer.  With  63  Engravings,  a  Portrait  of  the 
Author,  and  several  Woodcuts.  Fourth  Edition,  corrected  and  con- 
siderably enlarged.  Edited  by  Peter  Barlow,  F.R.S.  In  one  large 
toI.  4to.  21.  2s.  in  extra  cloth. 
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GBANBY'S  TIMBEB  TABLES. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S,  and 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Gbandy.  12mo. 
price  7*.  6d.  cloth.  Comprising — For  the  Timber  Importer  and  Mer- 
chant :  An  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  com- 
parative Values  and  Tabular  Arrangements  for  Fixing  Nett  Landed 
Cost  on  Baltic  and  North  American  Deals,  including  all  intermediate 
Expenses,  Freight,  Insurance,  Duty,  &c. ;  also  Practical  Methods  and 
Examples  for  Reduction,  embracing  Solid,  Lineal,  Numerical  and 
Superficial  Quantities,  Prices,  &c.  A  Complete  Exposition  of  the 
Square  Timber  Trade,  North  American  and  Baltic ;  with  Percentage 
Differences  on  String,  Caliper,  Cubic,  and  Running  Measurements. 
Also  Tabular  Matter,  with  Nett  Landed  Cost,  including  all  intermediate 
Expenses,  constructed  on  the  data  of  a  Progressive  Rate  for  First  Coat 
in  Dollars,  Currency,  or  Sterling.  American  and  Baltic  Lathwood, 
Staves,  &c,  with  particulars  of  Freights,  Duties,  Expenses,  and 
Measurements,  United  States  Exchange  and  Canadian  Currency ;  with 
Examples.  For  the  Retailer  and  Builder  :  Copious  Information,  with 
Tables  setting  forth  Nett  Cost  of  Material  and  Workmanship  to 
Builder  or  Manufacturer  on  Flooring,  Sheeting,  Joisting,  Skirting, 
Doors,  Windows,  Architraves,  &c.  per  Square,  Piece,  Superficial  or 
Lineal  Measurement,  Brickwork,  Stonework,  Excavations,  Slating, 
Tiling,  Metal  Pillars,  Lead,  Zinc,  Corrugated  Iron,  Roofing,  Felt, 
Cisterns,  Painting,  Papering,  Builders'  Ironmongery,  &c. 
"This  very  useful  volume."— Builder. 

"The  tables  comprised  in  this  work  must  afford  material  assistance  to  the  timber  mer- 
chant."—Mechanic?  Magazine. 

"  A  vast  number  of  very  valuable  tables  for  the  timber  importer  and  consumer." 

Practical  Mechanics'  Journal. 
"  A  handy  little  guide  to  the  timber  trade.    .    .    .    The  information  is  very  complete." 

Dublin  Builder. 
"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 
trenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  brioks,  columns, 
cisterns,  &c— all  that  the  class  to  whom  it  appeals  requires."— English  Mechanic. 

"  The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  What  we  have  tested  of 
the  oontents,  taken  at  random,  is  invariably  correct."— Illuilrated  Builder' '«  Journal. 

DOWSING'S   TIMBER   MERCHANT'S   COMPANION. 

THE  TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION ; 
containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Mea- 
surement of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to 
any  given  Price  per  Petersburg  Standard  Hundred ;  the  Price  per 
Cube  Foot  of  Square  Timber  to  any  given  Price  per  Load  of  50  Feet ; 
the  proportionate  Value  of  Deals  and  Battens  by  the  Standard,  to 
Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascer- 
taining the  Price  of  Scantling  per  Lineal  Foot  of  any  size,  to  any 
given  Figure  per  Cube  Foot.  Also  a  variety  of  other  valuable  in- 
formation, useful  to  all  parties  concerned  or  interested  in  the  buying 
or  selling  of  Foreign  Timber.  By  William  Dowsing,  Timber  Mer- 
chant. Second  Edition,  including  the  Tariff  of  1860.  Crown  8vo. 
3«.  cloth. 

"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt 
that  every  timber  merchant  and  builder  ought  to  possess  it,  because  such  possession 
would,  with  use,  unquestionably  save  a  very  great  deal  of  time,  and,  moreover,  ensure 
perfect  accuracy  in  calculations.  There  is  also  another  class  besides  these  who  ought  to 
possess  it ;  we  mean  all  persons  engaged  in  carrying  wood,  where  it  is  requisite  to  ascer- 
tain its  weight.  Mr.  Dowsing's  tables  provide  an  easy  means  of  doing  this.  Indeed  every 
person  who  has  to  do  with  wood  ought  to  have  this  Companion."— Mull  Advertiser. 
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NICHOLSON'S  CARPENTER'S    GUIDE. 

THE  CARPENTER'S  NEW  GUIDE;  or,  BOOK  of  LINES  for 
CARPENTERS:  comprising  all  the  Elementary  Principles  essential 
for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Petkb 
Nicholson's  standard  -work.  »A.  new  Edition,  revised  by  Abthub 
Abhpitex,  Arch.  F.S.A.,  together  with  Practical  Rules  on  Drawing, 
by  Geoboe  Pynb,  Artist.    With  74  Plates,  4to.  ll.  Is.  cloth. 

TABLES  FOB  PACKING-CASE   MAKERS. 

PACKING-CASE  TABLES ;  showing  the  number  of  Superficial  Feet 
in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards.  Com- 
piled by  Williah  Richardson,  Accountant,  Author  of  'The  Calculator; 
or,  Timber  Merchant's  and  Builder's  Guide.'  Oblong  4to.  cl.  price  3s.  6d. 
"  Very  useful  to  the  trade."— City  Pre$$. 

"  An  excellently  arranged  series  of  tables,  of  great  value  to  merchants,  shippers,  and 
shipowners.  — Artizan. 

"  Will  save  mnch  labour  and  calculation  to  packing-case  makers  and  those  who  use 
packing-cases."— Grocer. 

Invaluable  labour-saving  tables."— Ironmonger. 


fiSECHAHiCS,  ETC. 


MECHANIC'S  WORKSHOP   COMPANION. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COMPANION, 
and  THE  SCIENTIFIC  GENTLEMAN'S  PRACTICAL  ASSISTANT ; 
comprising  a  great  variety  of  the  most  useful  Rules  in  Mechanical 
Science,  divested  of  Mathematical  complexity ;  with  numerous  Tables 
of  Practical  Data  and  Calculated  Results,  for  Facilitating  Mechanical 
and  Commercial  Transactions.  By  W.  Templbton,  Author  of  "  The 
Engineer's,  Millwright's,  and  Machinist's  Practical  Assistant."  Ninth 
Edition,  including  the  Author's  latest  Corrections,  with  the  addition  of 
Mechanical  Tables  for  the  use  of  Operative  Smiths,  Millwrights, 
Engineers,  &c. ;  together  with  several  Useful  and  Practical  Rules  in 
Hydraulics  and  Hydrodynamics,,  a  variety  of  Experimental  Results, 
and  an  Extensive"  Table  of  Powers  and  Roots.  11  Plates.  12mo.  5s. 
bound. 

DESIGNING,  MEASURING,  AND  VALUING  ARTIFICERS'  WORKS. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  DESIGNING, 
MEASURING,  and  VALUING  ARTIFICERS'  WORKS  ;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill ;  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the 
respective  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Sawyer,  Stonemason,  Plasterer,  Smith  and  Ironmonger,  Plumber, 
Painter  and  Glazier,  Paperhanger.  With  43  Plates  and  Woodcuts. 
The  Measuring,  &c,  edited  by  Edwahd  Dobson,  Architect  and  Sur- 
veyor. Second  Edition,  with  the  Additions  on  Design,  by  E.  Lacy 
Gabbett,  Architect;  together  with  Tables  for  Squaring  and  Cubing. 
In  one  vol.  8vo.  9s.  extra  cloth. 
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ENGINEER'S   ASSIST  AST. 

THE  ENGINEER'S,  MILLWRIGHTS,  and  MACHINIST'S 
PRACTICAL  ASSISTANT;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  William  Templeton,  Author  of  "The  Operative  Me- 
chanic's Workshop  Companion."    Third  Edition.    18mo.  Is.  6d.  cloth. 

"  A  perfect  vade  mecnm  for  all  engaged  in  mechanical  pursuita."— Meeha  nict'  Magazine. 
"Every  mechanic  should  hecome  the  possessor  of  the  volume,  and  a  more  suitable 
present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made." 

Building  Newt. 

SUPERFICIAL   MEASUREMENT. 

THE  TRADESMAN'S  GUIDE  to  SUPERFICIAL  MEASUREMENT. 
Tables  calculated  from  1  to  200  inches  in  length,  by  1  to  108  inches 
in  breadth.  Particularly  recommended  to  Architects,  Surveyors,  En- 
gineers, Timber  Merchants,  Builders,  Carpenters,  Upholsterers,  Coach 
Makers,  Looking  and  Crown  Glass  Dealers,  Painters,  Stonemasons,  &c. 
By  Jambs  Hawkings.    Fcp.  3*.  6d.  cloth. 

MANUFACTURE   OF   IRON. 

IRON  :  its  History,  Properties,  and  Processes  of  Manufacture.  By 
William  Faibbaibn,  C .E,  LL.D.,  F.R.S.,  &c.  With  numerous  Wood- 
cuts.   New  Edition,  revised  and  enlarged.     8vo.  price  9s.  cloth. 

"  A  scientific  work  of  the  first  class,  whose  chief  merit  lies  in  bringing  the  more  impor- 
tant facts  connected  with  iron  into  a  small  compass,  and  within  the  comprehension  and 
the  means  of  all  persons  engaged  in  its  manufacture,  sale,  or  use." — M e<  hanics'  Magazine. 

"  A  very  complete  mannal  of  instruction  on  the  subject  to  which  it  relates,  embracing  a 
large  body  of  minute  statistical  details,  and  copiously  illustrated  with  woodcuts." 

Manchester  Examiner. 


MATHEMATICS,  ETC. 


INWOOD'S   TABLES,  NEW  AND  ENLARGED  EDITION. 

TABLES  for  the  PURCHASING  of  ESTATES,  Freehold,  Copyhold, 
or  Leasehold  Annuities,  Advowsons,  &c,  and  for  the  renewing  of  I>;«he« 
held  under  Cathedral  Churches,  Uolleges,  or  other  Corporate  Bodies,  for 
terms  of  years  certain,  and  for  lives ;  also,  for  Valuing  Reversionary 
Estates,  Deferred  Annuities,  Next  Presentations,  &c. ;  the  Five  Tables  of 
Compound  Interest,  the  Government  Table  of  Annuities,  and  an  exten- 
sion of  Smart's  Tables.  By  William  Ixwood,  Architect.  1 8th  edition, 
with  considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  difficult  computations  of  the  Interest  of  Money,  Discount, 
Annuities,  &c.     12mo.  price  8a.  cloth.  [Just  jmlAisJied. 

1ST  This  edition  (the  18th)  differs  in  many  important  particulars  from  former  ones. 
The  changes  consist,  Jlrit,  in  a  more  convenient  and  systematic  arrangement  of  the  ori- 
ginal Tables,  and  in  the  removal  of  certain  numerical  errors  which  a  very  careful  revision 
of  the  whole  has  enabled  the  present  Editor  to  discover :  and  le&tndly,  in  the  extension  of 
practical  utility  conferred  on  the  work  by  the  introduction  of  Tables  now  inserted  for  the 
first  time.  This  new  and  important  matter  is  all  so  much  actually  added  to  Ixwooo's 
Tablss  ;  nothing  has  been  abstracted  from  the  original  collection ;  so  that  those  who  have 
been  long  in  the  nabit  of  consulting  Ixwood  for  any  specialprofessional  purpose  will,  an 
heretofore,  find  the  information  sought  still  in  its  pages.  The  aim  of  the  publishers  ha* 
been  to  preserve  the  characteristic  features  of  the  book.  and.  regardless  of  expense,  to  give 
that  extension  to  the  original  work  which  the  Author  himself,  had  he  been  living,  would, 
no  doubt,  have  seen  to  be  demanded  by  the  exigencies  of  existing  commercial  and  profes- 
sional undertakings. 
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PRACTICAL   MATHEMATICS. 

MATHEMATICS  for  PRACTICAL  MEN;  being  a  Commonplace 
Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects,  and  Surveyors.  By  Olinthus  Obboobt, 
LL.D.,  F.R.A.S.  Enlarged  by  Henht  Law,  Civil  Engineer.  Fourth 
Edition,  carefully  revised  and  corrected,  by  J.  R.  Young,  formerly 
Professor  of  Mathematics,  Belfast  College ;  Author  of  "A  Course  of 
Mathematics,"  &c.    With  13  Plates.    Medium  8vo.  \l.  1*.  cloth. 


CONTENTS. 


PART  I.-PURE  MATHEMATICS. 

Chap.  I.— Ahitkkitiu.  1.  Definition  of 
notation.— 2.  Addition  cf  W  ii.il «  Num- 
ber*.—:i,  Subtraction  of  Whole  Nunihera. 
— I.  Multiplication  of  Whole  Numbers. — 
y  Division  of  Whole  JJnmbaw — proof  of 
the  first  four  rule*  uf  Arithmetic— 8.  Vul- 
var Pract  ion? ;  Reduction  of  Vulvar  Frac- 
thing ;  Addition  and  Snbtrnottou  of  Vulgar 
Fractions:  Multiplication  anil  Division 
of  Vulgar  Fractions— 7,  Decimal  Frac- 
tion*: Reduction  of  Decimal*;  Addition 
ami  Subtraction  of  Dwitinal*  i  Multipli- 
.  and  Division  of  Decimals. — V  Com- 
plex Frocioni  oficd  in  the  Art*  and  Com- 
merce!;  Reduction:  Addition;  Subtrac- 
tion and  Multiplication  i  Division  : 
Duodecimals.— ft.  Power*  nnd  Hoots  : 
Evolution.  —  HI,  Proportion  ;  Rule  of 
Thro*  :  Determination  of  Ratio. — 11. 
Lninvrithniio  Arithmetic  i  Dae  of  the 
Tables :  Multiplication  and  Division  by 
Logarithm* ;  Proportion,  or  the  Rule  of 
Three  by  Logarithm*:  Evolution  mid  In» 
vMiUiim  by  XoKiritnniH.— n.  Properties 
of  Number*, 

Chap.  II.— Algebra.  1.  Definitions  and 
Notation. — S.  Addition  and  Subtraction. 
—  i.  Multiplication— 1.  Division— 5.  In- 
Tolntion,— (1,  Evolution.— T.  Bnrds;  Re- 
duction i  Addition.  Subtract  ton.  and 
Multiplication;  Division.  Involution,  and 
Evolution.— f.  Sim  pie  Equations;  Exter- 
mination ,  Snluiioii  of  i  >i>nera]  ROoIana, 
—li.  Quadratic  Equations. — Kk  Equations 
in  general.— 11.  Progression:  Arithme- 
tical Progression;  Geometrical  Proirres- 
sion.— 12.  Fractional  and  Negative  Expo* 
HSitl.—  I*.  Loirarithnw.— U.  Compnta- 
lion  of  Fi.nnnlfp. 

Chap.  III.— t'.EOMETBr.  1.  Definition.— 2.  Of 
Ancles  and  Right  Lines,  and  their  Reet- 
fcnjpW— .1.  Of  Triangles.— 4.  Of  Quadri- 
laterals and  Polygons..— 5.  Of  the  Circle, 
andlnMjribedandCircamscriNid  Fik-nrts- 
— ij.  Of  Planes  and  Bolidi.— 7.  Practical 
Geometry. 

Cbnp-  IV.— MlNsraATiOTt.  1.  Weights  and 
Measures,  i.  Measures  of  Length  ;  ii. 
Measures  of  Surface ;  iii.  Measure!  of 
Solidity  and  Capacity;  t».  Measure  of 
Weight :  v.  Angular  Measuro  :  vi.  Mea- 
sure, of  Time:  compsfiHon  of  English 
nnd  French  Weights  and  Measures.— S. 
MfiL-urution  of  SapwHrUfci  I.  M^:i.-u- 
rotdon  of  Solids. 

Chap  v.— Tni.-.osoutirrav.  I.  Definitions 
and Trigonometrical Formula?. — t.  Trigo- 
nometrical Tables. — S.  General  Proposi- 
tion*.— *.  Solution  of  the  coned  of  Plane 
Trianides:  Right-angled  Plane  Trtanirles. 
—5.  Ob  the  application  of  Trigonometry 
to  Meafturine  Height*  and  Distances; 
Determination  of  Height*  and  Distances 
by  Approxironte  Mechanical  Methods. 

Chap.  VI.— Come  Sections.  1.  Defini- 
tion*.—«.  Properties  of  the  Ellipse ;  Pro- 
blems relating-  to tha  Ellipse.— S.  Proper- 


ties of  the  Hyperbola ;  Problems  relating 
to  the  Hyperbola. — 1.  Properties  of  the 
Parabola :  Problems  relating  to  the  Para- 
bola. 
Chap.  VTL— Pbopbbties  or  Curves.  1. 
Definition^.— t.  The  Conohoid.— 8.  The 
Cissoid.— 4.  The  Cycloid  and  Epicycloid. 
—5.  The  Qnadratrix  — 6.  The  Catenary  ; 
Tables  of  Relations  of  Catenarian  Carres. 

PART  IL-MTXED  MATHEMATICS. 
Chap.  I.— Mechanics  in  Grkeral. 

Chap.  IL— Statics.  1.  Statical  Eauili- 
unum.— 2.  Centre  of  Gravity. — S.  Gene- 
ral Application  of  the  Principles  of 
Statics  to  the  Equilibrium  of  Structures; 
Equilibrium  of  Piers  or  Abutments ; 
Pressure  o(  Earth  asrainst  Wall*  ;  Thick- 
ness of  Walls;  Equilibrium  of  Polygons  ; 
Stability  of  Arches  ;  Equilibrium  of  Sua- 
pension  Bridges . 

Chat.  IH.— Dvnamics,  1.  General  Defini- 
tio n*  — 2.  On  t  he  General  Law s  of  Uniform 
and  Variable  Motion ;  Motion  nniformly 
Accelerated  .Motion  over  a  Fixed  PnRer  i 
Motion  on  Inclined  Planes ;  Motion  of 
Bodies  under  the  Aotion  of  Gravity.— 
S.  Motioni  abonta  Fixed  Centre,  or  Aids  ; 
Centres  of  Oscillation  and  Percussion ; 
Simple  and  Comiiuand  Pendulum!  : 
Centre  of  Gyration,  and  the  Principles  of 
Rotation ;  Central  Forces :  Inquiries  con- 
nected with  Rotut  iou  and  Central  Forces. 
— t.  Percui>iiirin  nr  Collision  of  Bodies  In 
Motion  — -i.  On  the  Mechanical  Powers  ; 
Levers;  Wheel  and  Axle ;  PalleJ;  Inclined 
Plane ;  Wedire  and  Screw. 

Chap.  IV.— Hydrostatics.  1.  General  De- 
flnitiona.— 2.  Pressure  and  Equilibrium 
of  Non-elastic  Fluids  .—8.  Floating  Bodies. 
—4.  Specific  Gravities.— 5.  On  Capillary 
Attraction. 

Chap.  V.— Htdbodtjiaiiics.  1.  Motion  and 
Effluence  of  Liquids.— 2.  Motion  of  Water 
in  Conduit  Pipes  and  Open  Canals,  over 
Weirs,  Ac. :  Velocities  of  Rivers— 3.  Con- 
trivances to  Measure  the  Velocity  of 
Running  Waters. 

Chap.  VL— Pneumatics.  1.  Weight  and 
Equilibrium  of  Air  and.  Elastic  Fluids.— 
S.  Machines  for  Raising  Water  by  the 
Pressure  of  the  Atmosphere.— S.  Force  of 
the  Wind. 

Chap.  VII.— Mechanical  Aq«nt8.  1.  Water 
as  a  Mechanical  Agent.— 2.  Air  as  a  Me- 
chanical Agent  ;  Coulomb's  Experi- 
ments.—8.  Mechanical  Agents  depending 
upon  Heat ;  the  Steam  Engine ;  Table  of 
Pressure  and  Temperature  of  Steam: 
General  Description  of  the  Mode  of 
Action  of  the  Steam  Engine :  Theory  of 
the  Steam  Engine;  Description  of  the 
various  kinds  of  Engines,  and  the  For- 
mnle  for  calculating  their  Power ;  Prac- 
tical Application  of  the  foregoing  For- 
mulae. —  4.  Animal  Strength  as  a 
Mechanical  Agent. 
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Contents  op  Gregory's  Practical  Mathematics— continued. 


Chap,  v lii.— Strength  or  Materials.— 
1.  Results  of  Experiments  and  Principles 
upon  which  they  should  be  practically 
applied.— 4.  Strength  of  Materials  to 
Resist  Tensile  and  Crushing  Strains: 
Strength  of  Columns.— 8.  Elasticity  and  • 
Elongation  of  Bodies  subjeoted  to  a 
Crushing  or  Tensile  Strain.— 4.  On  the 
Strength  of    Materials  subjected  to  a 


Transverse  8train;  Longitudinal  Form 
of  Beam  of  Uniform  Strength;  Trans- 
verse Strength  of  other  Materials  than 
Cast-iron ;  the  Strength  of  Beams  accor-. 
ding  to  the  manner  in  which  the  Load  is 
Distributed.— 5.  Elasticity  of  Bodies  sub- 
jected to  aTransverse  Strain.— 6.  Strength 
of  Materials  to  Resist  Torsion. 


APPENDIX  OP  COPIOUS  LOGARITHMIC  AND  OTHER  TABLES,  &o.  &c. 

THE   METRIC    SYSTEM. 

A  SERIES  of  METRIC  TABLES,  in  which  the  British  Standard 
Measures  and  Weights  are  compared  with  those  of  the  Metric  System 
at  present  in  use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  8vo. 
10*.  6d.  strongly  bound. 

"  Mr.  Dowling's  Tables,  which  are  well  put  together,  come  just  in  time  as  a  ready 
reckoner  for  the  conversion  of  one  system  into  the  other.  —Athenaum. 

"  Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer  Royal." — Builder. 

"  Resolution  8.— That  advantage  will  be  derived  from  the  recent  publication  of  Metric 
Tables,  by  C.  H.  Dowling,  C.E.'  —Report  of  Section  F,  BritUh  Attoctation,  Bath. 

"  An  onerous  undertaking,  the  first  work  of  its  kind."— Journal  of  the  Society  of  Art*. 

"Thoroughly  reliable." — Civil  Engineer  and  Architect!'  Journal. 

COMPOUND  INTEREST  AND  ANNUITIES. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES ;  with 
Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c,  in  all  their  Applications  and  Uses  for  Mer- 
cantile and  State  Purposes.  With  an  elaborate  Introduction.  By  Fkdor 
Thoman,  of  the  Societe"  Credit  Mobilier.  Paris.    12mo.  cloth,  5«. 

"A  vary  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his  subject." 

Profeuor  A.  de  Morgan. 
"No  banker,  merchant,  tradesman,  or  man  of  business,  ought  to  be  without  Mr. 
Thoman's  truly  "  handy-book.'  "—Review. 
"  The  author  of  this  '  handy-book '  deserves  our  thanks."— Insurance  Gazette. 
"  We  recommend  it  to  the  notice  of  actuaries  and  accountants  ."—a  thenceum. 


SCIEHCE  ANG  ART. 


THE  MILITARY   SCIENCES. 

.  AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed  from 
Contributions  of  Officers  and  others  connected  with  the  different 
Services.  Originally  edited  by  a  Committee  of  the  Corps  of  Royul 
Engineer!.  Second  Edition,  most  carefully  revised  by  an  Officer  of  the 
Corps,  with  many  additions ;  containing  nearly  350  Engravings  and 
many' hundred  Woodcuts.  3  vols,  royal  8vo.  extra  cloth  boards,  and 
lettered,  price  41.  10s. 

*#*  A  List  of  the  Subjects  amply  and  practically  treated  of,  and  of  the  prin- 
cipal Contributors,  will  be  forwarded  on  application. 

"  A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  indebted." 

Edinburgh  Review,  April  ISfti. 

"The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  tome  seventy-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  services.  .  .  .  The  work  claims  and  possesses  the  great 
merit  that  by  far  the  larger  portion  of  its  subjects  have  been  treated  originally  by  the 
practical  men  who  have  been  ita  contributors."—  Volunteer  Service  Gazette. 
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ELECTRICITY. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Magnetism, 
Diamagnetism,  Electro-Dynamics,  Magno-Electricity,  and  th«  Electric 
Telegraph.  By  Hbkbt  M.  Noad,  Ph.D.,  F.C.S.,  Lecturer  on  Chemistry 
at  St.  George's  Hospital  Fourth  Edition,  entirely  re-written.  Ulus- 
trated  by  500  woodcuts.  In  Two  Parts.  Part  I.  Electricity  and 
Galvanism.  Part  II.  Magnetism  and  the  Elbcthic  Telegraph. 
•Complete  in  1  voL,  8vo.  11.  4*.  cloth. 


CONTENTS  OF  PAST  I. 


Chap.  I.— Statical  ob  Fbictional  Elec- 
tricity. 

Chape.  II.  and  III.— Phenomena  of  Fric- 
tional  Electricity. 

Chap.  IV.— The  Electrical  Machine. 

Chap.  V.— Accumulated  Electricity. 

Chap.  VI.— Atmospheric  Electricity. 


Chap.  VII.— Galvanic  ok  Voltaic  Elec- 
tricity. 

Chaps.  VH1.  and  LX.— Effects  of  the 
Voltaic  Current. 

Chap.  X.— Electro-Physiology. 

Chap.  XI.— Thermo-Electricity. 

Chap.  XII.— Theory  of  the  Voltaic  Pile. 


contents  of  part  II. 


Chap.  XTII.— Magnetism. 
Chap.  XIV.— Magnetism  (continued). 
Chap.  XV.— Magnetism  (oontinued). 
Chap.  XVI.— Magnetism  (continued). 
Chap.  X V  il.— Magnetism  (continued) . 


Chap.  XVTII.— Electro-Magnetism. 
Chap.  XIX.— Maoneto-Elbctbicity.1 
Chap.  XX.— The  Electric  Telegraph. 
Chap.  XXI.— Diamagnetism. 
Chap.  XXII.— Magnetic  Hypotheses. 


"  This  publication  fully  bears  out  its  title  of  '  Manual.'  It  discusses  in  a  satisfactory 
manner  electricity,  frictional  and  voltaio,  thermo-electricity,  and  electro-physiology.  To 
diffuse  correct  views  of  electrical  science,  to  make  known  the  laws  by  which  this  myterious 
force  is  regulated,  which  is  the  intention  of  the  Author,  is  an  important  task." — Athenceum. 

"  Dr.  Noad's  Manual,  in  some  departments  of  which  he  has  had  the  counsel  and  assist- 
ance of  Mr.  Faraday,  Sir  William  Snow  Harris,  Professor  Tyndall,  and  others,  giving;  an 
additional  sanction  and  interest  to  his  work,  is  more  than  ever  worthy  of  being  received 
with  favour  by  students  and  men  of  science.  The  style  in  which  it  is  written  is  very  exact 
and  clear."— Literary  Gazette. 

"  It  is  worthy  of  a  place  in  the  library  of  every  public  institution,  and  we  have  no  donbt 
it  will  be  deservedly  patronised  by  the  scientific  community  ."—Mining  Journal. 

"  Dr.  Noad's  '  Manual  of  Electricity '  has  for  several  years  ranked  as  one  of  the  best 
popular  treatises  on  this  subject.  By  an  excellent  method  of  arrangement,  and  a  clear 
and  agreeable  style,  he  introduces  the  student  to  a  sound  elementary  knowledge  of  every 
department  of  electrical  science."— A  flat. 

"  On  the  subject  of  electricity,  it  is  a  service  second  only  to  discovery,  when  one  compe- 
tent for  the  task  undertakes  to  sift  and  reconstruct  the  old  materials,  and  to  bring 
together  and  incorporate  them  with  all  that  is  important  in  the  new.  Such  a  service 
Dr.  Noad  has  performed  in  his  '  Manual  of  Electricity.'   —  Chamber*'  Journal. 

"Asa  work  of  reference,  this  *  Manual '  is  particularly  valuable,  as  the  Author  has  care- 
fully recorded  not  only  his  authorities  but,  when  necessary,  the  word*  in  which  the  writers 
have  detailed  their  experiments  and  opinions."— Mechanic*'  Magazine. 

CHEMICAL   ANALYSIS. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANALYSIS; 
or  Practical  Instructions  for  the  determination  of  the  Intrinsic  or  Com- 
mercial Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in 
the  Arts.  By  A.  Noemandt,  Author  of  "Practical  Introduction  to 
Rose's  Chemistry,"  and  Editor  of  Rose's * '  Treatise  of  Chemical  Analysis." 
Illustrated  with  woodcuts.  Second  and  cheaper  Edition,  post  8vo.  9«. 
cloth. 

"  We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly  affirmed 
to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a  guide,  alike 
indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."— Medical  Time*. 

"  The  Author  has  produced  a  volume  of  surpassing  interest,  in  which  he  describes  the 
character  and  properties  of  400  different  articles  of  commerce,  the  substances  by  which 
they  are  too  frequently  adulterated,  and  the  means  of  their  detection."— M ining  Journal. 

"A  truly  practical  work.  To  place  the  unscientific  person  in  a  position  to  detect  that 
which  might  ruin  him  in  character  and  fortune,  the  present  work  will  prove  highly  valu- 
able. No  one  can  peruse  this  treatise  without  feeling  a  desire  to  acquire  further  and 
deeper  knowledge  of  the  enticing  science  of  chemical  analysis."— Expositor. 

"  The  very  best  work  on  the  subject  the  English  press  has  yet  produced." 

Mechanic*'  Magazine. 
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PRACTICAL  PHIL080PHY. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rev.  John 
Carr,  M.A.,  late  Fellow  of  Trin.  Coll.,  Cambridge.  Second  Edition. 
18 mo.  5s.  cloth. 

SCIENCE  AND  ART. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART ;  exhibiting 

the  most  important  Improvements  and  Discoveries  of  the  Past  Year 

in  Mechanics  and  the  Useful  Arts,  Natural  Philosophy,  Electricity, 

Chemistry,  Zoology  and  Botany,  Geology  and  Mineralogy,  Meteorology 

and  Astronomy.    By  John  Tikbs,  F.S.A.,  Author  of  "  Curiosities  of 

Science,"  "  Things  not  Generally  Known,"  &c.    With  Steel  Portrait 

and  Vignette.    Fcp.  price  5s.  cloth. 

tS~  This  work,  published  annually,  records  the  proceedings  of  the  principal  scientific 
societies,  and  is  indispensable  to  all  who  wish  to  possess  a  faithful  record  of  the  latest 
novelties  in  science  and  the  arts.  • 

The  VOLUME  for  1866  contains  a  Portrait  of  Phofessob  Phillips  ;  ' 
that  for  1865  a  Portrait  of  Majoe-Gbnkeal  Sabine,  R.A. ;  that  for 
1864,  a  Portrait  of  Sir  William  Armstrong,  C.B.,  LL.D.,  &c  ;  that 
for  1863,  a  Portrait  of  Sib  Charles  Ltbll,  D.C.L.,  F.R.S. ;  that 
for  1862,  a  Portrait  of  William  Fajbbaien,  F.R.S.,  LL.D. ;  and  that 
for  1861,  a  Portrait  of  Lord  Brougham. 

The  above  Volumes,  price  5s.  each,  are  all  on  sale. 

Also  an   EXTRA  VOLUME,  the  International  Exhibition  1862, 
with  fine  Photograph  by  the  London  Stereoscopic  Company,  price  6s. 

SCIENCE  AND  SCRIPTURE. 

SCIENCE  ELUCIDATIVE  of  SCRIPTURE,  and  NOT  ANTAGO- 
NISTIC TO  IT  :  being  a  Series  of  Essays  on— 1.  Alleged  Discre- 
pancies ;  2.  Tho  Theory  of  the  Geologists  and  Figure  of  the  Earth  ; 
3.  The  Mosaic  Cosmogony ;  4.  Miracles  in  general — Views  of  Hume 
and  Powell ;  5.  The  Miracle  of  Joshua — Views  of  Dr.  Colenso  :  The 
Supernaturally  Impossible  ;  6.  The  Age  of  the  Fixed  Stars — their  Dis- 
tances and  Masses.  By  Professor  J.  R.  Young,  Author  of  "  A  Course 
of  Elementary  Mathematics,"  &c.  &c.   Fcp.  8vo.  price  5s.  cloth  lettered. 

"  Profssor  Young's  examination  of  the  early  verses  of  Genesis,  in  connection  with  mo- 
dern scientific  hypotheses,  is  excellent."— English  Churchman. 

"  Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  ability,  and  by  a  style  peculiarly  clear,  easy,  and  energetic."— Nonconformist. 

"  No  one  can  rise  from  Its  perusal  without  being  impressed  with  a  sense  of  the  singular 
weakness  of  modern  scepticism."— Baptist  Magazine. 

POPULAR  WORK  ON  PAINTING. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical  Sketches 
of  the  Progress  of  the  Art.  By  Thomas  John  Gullick,  Painter,  and 
John  Timbs,  F.S.A.  Second  Edition,  revised  and  enlarged.  With  a 
Frontispiece  and  Vignette,  in  small  8vo.  price  6s.  cloth. 

***  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 
Art  at  South  Kensington. 

"  A  work  that  may  be  advantageously  consulted.  Much  may  be  learned,  even  by  those 
who  fancy  they  do  not  require  to  be  taught,  from  the  careful  perusal  of  this  unpretending 
but  comprehensive  treatise." — Art  Journal. 

"  A  valuable  book,  which  supplies  a  want.  It  contains  a  large  amount  of  original  matter, 
agreeably  conveyed,  and  will  be  found  of  value,  as  well  by  the  young  artist  seeking  in- 
formation as  by  the  general  reader.  We  give  a  cordial  welcome  to  the  book,  and  augur 
for  it  an  increasing  reputation."— Builder. 

"  This  volume  is  one  that  we  can  heartily  recommend  to  all  who  are  desirous  of  under- 
standing what  they  admire  in  a  good  painting."— Daily  Newt. 
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DELAMOTTE'S  WORKS  OH  ILLUMINATION,    ALPHABETS,  4c. 

A  PRIMER  of  the  ART  of  ILLUMINATION ;  for  the  nse  of  Be- 
ginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions 
for  its  Exercise,  and  numerous  Examples  taken  from  Illuminated  MSS. 
and  printed  in  Gold  and  Colours.  By  F.  Dexamottb.  Small 
4to.  price  9«.     Elegantly  hound,  cloth  antique. 

"  A  handy  book,  beautifully  illustrated ;  the  text  of  which  1b  well  written,  and  calculated 
to  be  useful.  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  student,  which, 
with  much  Rood  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected 
with  judgment  and  knowledge,  as  well  as  taste." — Athenaum. 

"  Modestly  called  a  Primer,  this  little  book  has  a  good  title  to  be  esteemed  a  manual  and 
guide  book  in  the  study  and  practice  of  the  different  styles  of  ornamental  lettering  used 
by  the  artistic  transcribers  of  past  centuries.  .  .  .  An  amateur  may  with  this  silent  pre- 
ceptor learn  the  whole  art  and  mystery  of  illumination." — Spectator. 

"We  are  able  to  recommend  Mr.  Delamotte's  Treatise  on  Illumination  to  all  who  desire 
to  become  practically  acquainted  with  the  art.  The  letterpress  is  modestly  but  judiciously 
written;  and  the  illustrations,  which  are  numerous  and  well  chosen,  are  beautifully 
printed  in  gold  and  tx>\oaxs."—l%xle$loU}gUt. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDLEVAL :  from  the 
Eighth  Century,  with  Numerals ;  including  Gothic,  Chnrch-Text,  large 
and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination, 
Monograms,  Crosses,  &c.  &c,  for  the  use  of  Architectural  and  En- 
gineering Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters, 
Lithographers,  Engravers,  Carvers,  &c.  &c.  &c.  Collected  and  engraved 
by  F.  Delamotte,  and  printed  in  Colours.  Royal  8vo.  oblong,  price 
4«.  cloth. 

"  A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the  result  of 
many  years'  study  and  research.  For  those  who  insert  enamelled  sentences  round  gilded 
chalices,  who  blazon  shop  legends  over  shop-doors,  who  letter  church  walls  with  pithy 
sentences  from  the  Decalogue,  this  book  will  oe  useful. "--Athen&um. 

EXAMPLES  of  MODERN  ALPHABETS,  PLAIN  and  ORNAMENTAL ; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  He- 
brew, Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and 
Arabesque ;  with  several  Original  Designs,  and  an  Analysis  of  the 
Roman  and  Old  English  Alphabets,  large  and  small,  and  Numerals, 
for  the  use  of  Draughtsmen,  Surveyors,  Masons,  Decorative  Painters, 
Lithographers,  Engravers,  Carvers,  &c.  Collected  and  engraved  by 
F.  Delamotte,  and  printed  in  Colours.  Royal  8vo.  oblong,  price  4«. 
cloth. 

"To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talent  which  has 
been  expended  in  the  conception  of  the  various  plain  and  ornamental  letters  is  won- 
derful."— Standard. 

MEDLEVAL  ALPHABETS  and  INITIALS  for  ILLUMINATORS.  By 
F.  Delamottb,  Illuminator,  Designer,  and  Engraver  on  Wood.  Con- 
taining 21  Plates,  and  Illuminated  Title,  printed  in  Gold  and  Colours. 
With  an  Introduction  by  J.  Willis  Brooks.    Small  4to.  6«.  cloth  gilt. 

"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all 
the  colours  of  the  prism  interwoven  and  intertwined  and  Intermingled,  sometimes  with  a 
sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be  only  com- 
parable to  one  of  those  delicious  love-letters  symbolised  in  a  bunch  of  flowers  well  selected 
and  cleverly  arranged."— Sun. 

THE  EMBROIDERER'S  BOOK  of  DESIGN;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems. 
Collected  and  engraved  by  F.  Delamotte,  and  printed  in  Colours. 
Oblong  royal  8vo.  price  2  s.  6d.  in  ornamental  boards. 
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AGBlCULTfJSE,  ETC. 


TEXT-BOOK   FOR   ARCHITECTS,   ENGINEERS,    SURVEYORS,   ftc. 

A  GENERAL    TEXT-BOOK   for  ARCHITECTS,    E3KHHEEB8 
SPBVEYOB3,  SOLICITORS  AUCTIONEERS,  LAND  AGENTS, 
and   STEWARDS.     By  Edward  Rydk,   C.K     To  which  ure  i 
eeveral  Chapters  on  Agriculture  and  Landed  Property,  by  IVi 
Donaldson.    With  numerous  Engravings,  in  one  thick  vol.  8vo.  price 
ll.  8a.  cloth. 


CXIMTEXTS, 


Chap.  I.— Arithmetic. 

Cnx-p.  II—  Plaxe  akd  Sous  GaOlOtTST. 

Chap.  III.— Mexspkatiou. 

Chap.  IV.— Tbwosometby, 

Chap.  VI. —Land  JIcAHtmsn.  Inclnding 
Table  of  Decimals  of  an  Arc— Tabic  of 
Land  Measure,  by  dimensions  taken  in 

Chap,  VTI—  Lasd  SravKTiw.  I.  Parish 
and  Estate  STurvBying.— i.  Trigoiii  "me- 
trics! Surveying. — 1.  Traverse  Surveying. 

— 1.    Field   Instrument*—  Prisma  t: 
pans;  Box  Sextant;  Theodolite. 

Chap,    Vlll.— Lsvelljso.     Levelling   In- 

.aits.     The   Spirit   Level'    the   Y 

Level;  TrouEhton'sLovoli  Mr. Gravatt'a 

Leyelhnjf  Stavo»— Exam  plea  in 

Levelling. 

Chap.  IX.  — Pl/OTTTKO.  Embracing  the 
Circular  Protractor— the  T  Square  and 
Semicircular   Protractor—  Plotting   Sec- 

Chap.  X.— CoaiPtfTATios  or  Amsas.  The 
'.hoCouiputitigScale — Cum. 
paling  Talil-w. 

i,    Including-  ■ 
description  of  the  Pontagrnph. 
Chap.  XII.— Railway  Knnvr.visu.    1.  Ex- 

Bloration   and   Trial    Levels ;    Standing 
■MngB    subsequent  to 
i  sing- of  the  Act ;  Tables  for  Setting 

Tallinn  of  Relative  Gradleutn  :  Specifica- 
tion of  Works  to  bo  orocuwd  m  the  Oon- 
Btniction  of  a  Railway ;  Form  of  Tender. 
Chap.  XILL— ColomaL  Buavanso. 

.vTV.— EYiiiLttrLim  is  cojtxiktiojj 

WITH    DilXINA'rE,  SEWKUAOE,  AKD  WaTKH 

r  —  Synopsis  Of  Hyde's  Hydrau- 
lic Tables  —  Specifications,  Iron  Pipes 
and  Cast-iron  Pi  pen  and  Castings;  Stone 
Ware  Drain  Pipe* ;  Pipe  lAyiUg.ReserVuir. 

Chap.XV.— TmBHBM«Annai!in.  Including 
Timber  Tables.  Solid  Measure.  Uuoojial- 
sided  Timber  ;  Superficial  Measure. 

Chap.  XVI.-ABTiru-cBs'  Work.  I.  Brink- 
layers'  and  Excavatore'.— S.  Slaters'.— 
3,  Corpcntora '  and  Joiners'. —I.  Sawyers*. 

:  JlSons". —  fl,     PhuitCKTB  .  —  7. 

Ironmongers'. — S.  Painters'. — tf.  Glaziers.' 
—Hi.  Paper  Hangers', 

Chap.  XVII.  — Valtation  or  Estates. 
With  Tables  for  the  Purchasing  of  Free- 
hold, Copyhold,  or  Leasehold  Estates, 
Annuities,  and  Advowsona,  and  for  lto- 
newing  L*  saai 

Chap.  XVUl.— VALr  atiok  or  Tillaoe  asd 
TECAXT  Riidt.  With  Tables  for  Mea- 
suring ami  Valnlng  Hay  Hicks. 

no*  or  Pahisbz*. 

cm.  I.  Carpen- 
ters'nud  Joiners'. — 2.  Monona'.— 3.  Brick- 
layers'.—I.  FLnetufurn'.— J.  Ironmongers'. 


— «.  Drainers*.— 7.   Plumbers'.— H,    Pain- 
ters .— o.  Paper   Hangers'   and   Decora- 
tors'.—10.  Gfaslers.'-ll.  Zfno  Workers'. 
ppeTsrniths'.— 13.  Wire  Work- ts\ 
Chap.   XXI.  --  I  hi  iii.iHTi.iN-.   am>     Nn- 
1.  General  Deflnitions.HS,  Di- 
laptdnciona   by  Tenant*    for   Life    and 
Years.— 3.  Ditto  by  Mortgagee  or  Mort- 
gagor. —  L    Ditto   of   Party   Walls   and 
Fences.  —  5,    Ditto  of   Highways    and 
Bridge*.— 6,  Nuisances. 

•'»  aELAIJS<l  tfl  Ap- 

iis  and  AccTiOMBr.ua.    I.  The  Law 

relating  to  Appraisements.— 2.  The  Law 

of  Auction, 

Chap,  XXIII,  — Lasdlobd  asm  Tknast. 

I    Agreements  and  Leases.— i.  X 

'■'•.  Distress,— 4,  Recovery  of  Poa- 
■Mslrm 

Chap.  aaiv. -Tables.  Of  Natural  Slnee 
aoo  OoafaMB— i'',,r  Badndng  Lfnka  into 
Feet— Decimals  of  a  Pound  Sterling. 

Chan.  XXV.— Stamp  Laws.    StMay  Dutiea 
-  ■onstaBU)1  him.'-. 
Examples  or  Villas,  *e. 

ON    LANDED    PROPERTY. 
Bt  PnorcisoR  Dosalmoh. 

Char.    I.— Landlord   and    Tenant  —  their 

Po«I1  ion  and  Concction*. 
Chap.  II.— Lease  of  Lflnd.Ocadltioil"  and 

Bortricticms  -.  Choice  of  Tenant,  and  As- 
■iRiwtloa  of  the  Deed. 
Chap.  III.— Cultivation  of  Land,  and  Rato- 

tiuu  of  Crops. 
C'lmn.iv,— Bnildlngg  necessary  on  CulH- 
Lands  —  Dwelling- booses.     Far- 
meries, and  Cottages  f or  Lnbcit  a 
Chap.    V.  —  Laying    out    Farms,    Roads, 

Fi'iiei's,  ami  (riitcs. 
Chap.   VI.— Plantations.  Young   and  Old 

TUriUr. 
Cliap.  VII.— Mtnailowa  and  FinlmnkmontH, 
•  •-•rs,    Water    Co  arses,    and 

Flooded  BKHnada. 
Chap.  VIII.  —  Land  Draining,  Opened  and 

Covered— Plan,  Executiou,  anil  Arninge- 

luciit  between  LondL.rd  and  1  • 
Chap.  IX.-  Mil  ng  and  Value. 

Chap.  X.— Expenses  of  an  Estate-. 
Chap.  XL— Valuation  of  Landed  Property; 

Ot  U!^:  BOO,  Of  ii -.-!  Woods,  of  Mme- 

m*  of  Mai a]  Uighta.of  RoyalUi  i.ond 

Of  Fee  Farm  Rcnlfl. 
Chap.    XII,—  Land    Steward    and    Farm 

Ratlin";  Onalincntic-ns  and  Duties. 
Chap.    XI 1 1,    Mini'ir    Hail  iff.  Woodrleve, 

Gardonor,  and  Gamekeeper— their  Poai- 
and  Duties. 
Char    XIV.-Fixod  Dajaof  Audit-Half- 

yearly  Payments  of  ■  n  of  Mo- 

Lice*.  Receipts,  and  of  Cash  Books,  Ceno- 

ral  Map  of  Estates,  fie. 
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SCOTT  BUSK'S   IHTBODTJCTIOIT   TO   FABMIKG. 

THE  LESSONS  of  MY  FARM:  a  Book  for  Amateur  Agriculturists, 
being  an  Introduction  to  Farm  Practice,  in  the  Culture  of  Crops,  the 
Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry,  and  Pigs,  and 
in  the  Keeping  of  Farm-work  Records.  By  Robeht  Scott  Bukn, 
Editor  of  "  The  Year-Book  of  Agricultural  Facts,"  and  one  of  the 
Authors  of  "Book  of  Farm  Implements  and  Machines,"  and  "Book 
of  Farm  Buildings."    With  numerous  illustrations.    Fcp.  6s.  cloth. 

"  A  very  oseful  little  book,  written  in  the  lively  style  which  will  attract  the  amatenr 
class  to  whom  it  is  dedicated,  and  contains  much  sound  advice  and  accurate  description." 

Athenaum. 

"  There  are  many  hints  in  it  which  even  old  farmers  need  not  be  ashamed  to  accept." 

Morning  Herald. 
"  A  most  complete  introduction  to  the  whole  round  of  farming  practice." — John  Bull. 

"  Never  did  book  exercise  a  more  salutary  effect  than  '  My  Farm  of  Four  Acres.'  Mr. 
Burn  has  followed  suit  in  a  very  practical  and  pleasant  little  work."— Illustrated  London 
Nun. 

YOTJATT  AND  BUBN'8  COMPLETE  GRAZIER. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry,  espe- 
cially in  the  departments  connected  with  the  Breeding,  Rearing, 
Feeding,  and  general  Management  of  Stock,  the  Management  of  the 
Dairy,  &c  ;  with  Directions  for  the  Culture  and  Management  of  Grass 
Land,  of  Grain  and  Root  Crops,  the  Arrangement  of  Farm  Offices, 
the  Use  of  Implements  and  Machines ;  and  on  Draining,  Irrigation, 
Warping,  &c,  and  the  Application  and  Relative  Value  of  Manures. 
By  William  Youatt,  Esq.,  V.S.,  Member  of  the  Royal  Agricultural 
Society  of  England ;  Author  of  "The  Horse,"  "  Cattle,"  &c.  Eleventh 
Edition,  enlarged  and  brought  down  to  the  present  requirements  of 
Agricultural  practice.  By  Robebt  Scott  Burn,  one  of  the  Authors 
of  "The  Book  of  Farm  Implements  and  Machines,"  and  of  "The  Book 
of  Farm  Buildings;"  Author  of  "The  Lessons  of  My  Farm,"  and 
Editor  of  "  The  Year-Book  of  Agricultural  Facts."  In  one  large  8vo. 
volume,  784  pp.  with  215  Illustrations.  Price  11.  Is.  strongly  half- 
bound. 


Book  the  Fihst.— On  the  Rrredino, Rear-  Preservation  of  Cheese.— VI.  On  the  Pro- 

ing,  Fattening,  <th<*  Qtnerai  MuHagetaest  dnoe  of  a  Dairy. 
of  ffeat   vattu.  —  Chap.   I.    Introductory  _  __  . 

View  of  the  different  Breeds  of  Neat  Cattle  ,  Book  thb  Thibd.-Om  thi 'Breeding, Rear- 

in  Great  Britain.— II.  Comparative  View  of  ing,  and  Management  of  Farm-horses.— I. 

the  different  Breed*,  c.f  Kent.  Cattle. -IT I.  §£2?n?,BS  *?d  Comparative  View  of  the 

General  ObrervaHoiuunBnylnirBiidStiicls-  different  Breeds  of  Farm-horses.— II.  On 

ins  a  Farm  with  Cattle. -TV.  Or  the  Bull.-.  Breeding  Horses.-III.  Of  C^  Stalhons 

V.  Of  theCow.-VI.  On  the  Treatment  and  and.  Mares.-IV.    On   the   Rearm*   and 

Roaring  of  Calves.- VI  I.  On  the  Fowling  Training  of  Colts.-V. .Of  theAge^uabfl- 

of  Calves  for  Veal.- VII I.  Of  Steers  an!  a*"0™-  ud  Sate  2J£Tk™  iiJ2? 

IhTMiput  Oxen.— IX.  Of  Grazing  Cattle.—  Maintenance  and  Labour  of  Farm-horses. 

xTot   Summer   Sailing  Cattle-Xl.    Of  rP1-    °n   the    Comparative    Merits   of 

Winter  Box  aud  StaU-f ecdinv  Cuttle.-XII.  V™*™ 0xen andHorses.-VUI.  Of  Asaes 

ill'  An  ilr,..;   K,   ,,i  -      i  '!'.-,       •   .....  andMules. 

of  Food.-XIII,  Of  the  Sale  of  Cattle.  BooK  „  PouRTH._o»  the  Breeding. 

Book  the  Second.— On  the  Economy  and  Rearing,  and  Fattening  of  Sheep.— 1.  Intro- 
Management  of  the  Dairy.— -I.  Of  Milch  ductory  and  Comparative  View  of  the  dif- 
Kine.— II.  Of  the  Pasture  and  other  Food  ferent  Breeds  of  British  Sheep.— II.  On  the 
best  calculated  for  Cows,  as  it  regards  their  Merino,  or  Spanish  Sheep. — III.  On  the 
Milk.— III.  Of  the  Situation  and  Buildings  Breeding  and  Management  of  Sheep.— IV. 
proper  for  a  Dairy,  and  the  proper  Dairy  The  Treatment  and  Rearing  of  House- 
Utensils.— IV.  Of  the  Management  of  Milk  lambs.— V.  The  Feeding  of  Sheep.— VI.  On 
and  Cream,  and  the  Making  and  Preserva-  Folding  Sheep.  —VII.  The  Shearing  of 
tion  of  Butter.— V.  Of  the  Making  and  Sheep.— VIII.  On  Wool. 
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Youatt  AHD  Bush's  Cohplkte  Graziie— continued. 

Book  the  Fifth—  On  the  Breeding,  Rear-  Land.— V.  Onthe  Culture  of  Grass  Land- 
ing, and  Fattening  of  Stome.—I.  Introduc-  VI.  On  Hay-making.— VII  On  Stacking 
tory  and  Comparative  View  of  the  different  Hay .-VIII.  On  Impediments  to  the  SoythS 
Breeds  of  Bwine.- II.  On  the  Breeding  and  and  the  Eradication  of  Weeds.— IX.  On 
Rearing  of  Pig8.rIII.  to  the  FeedinK  and  Paring  and  Burning.— X.  On  Draining.— 
indBacon       wine.-IV.  On  Curing  Pork  XI.  On  Irrigation.-XII.  On  Warping. 

Rook   thu   Ritth  — n«   thr    n;.,n,e.  „t  Book  thb  Ninth.— On   the   Cultivation 

Coirfe -PfheD^^ealnciden^toCattla  and  ^P¥li'ation  °t  Oraua.  PuUe,  and 
-II On  the  dSJSSs  of 'Pal™ -TTl ?  On        Root,.-f.  On  the  Natural  Grasses  usually 

Domestic  Fowls,  Pigeons,  &o.-VIIL^he  $r^e^n«  «^°™,tated,.,£  An,mal 
Palminediw  or  #«h.fnot«<4  Vinao  _ry  t£Z  Food.— V.  On  the  Qualities  and  Com  para- 
Dis^WF3owlfleWOOtedklndfl- -EtTh6      ttveV^e^WI^  Grasses  and  BootTas 

V*L'&xl™teT^^H£&i\tL6m2£  rai^ndt*eirJ,f!i<^wntoOra,sLand.- 

-II.  On  the  CunstrnetWof  K.I ill*".    HI  LIT""?!^"  st"  'i      S?  4mml4 

On  Farm  UottiiBtH.-IV.  On  Farm  Imjilc-  Sn.nuIefl-_rSIh^   Fosml   and   Mineral 

ments.-V.  On  Steam  Cultivation, - VI  u,i  M^^8^;w°^L'1C|JrTio^F1,Y1<1Man"rea- 

bowing    Machine*,  and    Mannro    Dfotri-  Tl7n  SnM^r  m  nn%^'T' 

Imim-..    VI  r.  mi  sr.-a.n  Kjnnnts  Thrash-  "on  of  Muniiroh.-VII.  On  thg  Application 

ins   Machines,    Corn-drying    Machines,       J1    *\^™^'  Vv  l£ES  ra£W 

Mills  Ui'uiiinij  irnrhitina  '       o!   Manuring.— IX.   F*rra   Accounts,   and 

mm*.  Bruising  ilachuios.  ,,,,..,,,, ,s  ,.(1.  t:.dl.u:.lIin_.  ,,.:i„,ir  ,,v  ,:.„.  A< 2£ 

Book  thb  Eiohth.— On  «A«  Culture  and  Hood.  4c.  and  by  the  Day.  Week,  Month, 

Management   of  Grass   Land.—l.  On   the  4c— X.  Monthly  Calendar  of  Work  to  bo 

Size  and  Shape  of  Fields.— II.  On  Fences.  done  throughout  the  Year.— XJ.  Observa- 

—III.  On  Pasture  Land.— IV.  On  Meadow  tions  on  the  Weather.— BDSS. 

"  The  standard,  and  text-book,  with  the  farmer  and  grazier."— Farmer' i  Magazine. 

"  A  valuable  repertory  of  intelligence  for  all  who  make  agriculture  a  pursuit,  and  espe- 
cially for  those  who  aim  at  keeping  pace  with  the  improvements  of  the  age."— Bell'i 
Meuenger. 

"  A  treatise  whioh  will  remain  a  standard  work  on  the  subject  as  long  as  British  agricul- 
ture endures.  — Mark  Lane  Express. 

"A  compendium  of  modern  husbandry,  embracing  a  concise  account  of  all  the  leadin 
improvements  of  the  day."— New  Sporting  Magazine. 

TABLES   FOE   LAND    VALUERS. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables,  on  a 

very  much  improved  Plan,  for  Calculating  the  Value  of  Estates.     To 

which  are  added,  Tables  for  reducing  Scotch,  Irish,  and  Provincial 

Customary  Acres  to  Statute  Measure ;  also,  Tables  of  Square  Measure, 

and  of  the  various  Dimensions  of  an  Acre  in  Perches  and  Yards,  by 

which  the  Contents  of  any  Plot  of  Ground  may  be  ascertained  without 

the  expense  of  a  regular  Survey;  Miscellaneous  Information  on  English 

and  Foreign  Measures,  Specific  Gravities,  &c.     By  R.  Hudson,  Civil 

Engineer.     New   Edition,  with  Additions  and  Corrections,  price  4». 

strongly  bound. 

"This  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term  of 
years ;  and  for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms,  square, 
round,  4c,  with  valuable  rules  for  ascertaining  the  probable  worth  of  standing  timber  to 
any  amount;  and  is  of  incalculable  value  to  the  country  gentleman  and  professional 
man. '— Farmer' i  Journal. 

SHEEP  AND   THEIR  DISEASES. 

THE  HISTORY,  STRUCTURE,  ECONOMY,  and  DISEASES  of 
the  SHEEP.  By  W.  C.  Spooner,  V.S.,  Editor  of  White's  "  Cattle 
Medicine,"  and  White's  "  Compendium  of  the  Veterinary  Art."  Illus- 
trated by  Harvey.     Second  Edition.     12mo.  5s.  cloth. 

"  The  name  of  Mr.  Spooner,  who  is  a  distinguished  member  of  bis  profession,  is  a  suffi- 
cient guarantee  for  the  accuracy  and  usefulness  of  its  contents.  Farmers'  clubs  ought  to 
add  this  work  to  their  libraries ;  and,  as  a  work  of  reference,  it  ought  to  be  in  the  posses- 
sion of  all  sheep  farmers."— Qardenert'  Chronicle. 
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HO   KOBE   LAWYERS'   BILLS!! 

EVERY  MAN'S  OWN  LAWYER:  A  HANDY  BOOK  of  the 
PRINCIPLES  of  LAW  and  EQUITY.  By  a  Babbistbb.  Fifth 
Edition,  much  enlarged,  and  brought  down  to  end  of  1866  Session. 
12mo.  price  6s.  8d.  (saved  at  every  Consultation)  strongly  bound  in 
cloth.  Comprising  the  Rights  and  Wrongs  of  Individuals,  Mercantile 
and  Commercial  Law,  Criminal  Law,  Parish  Law,  County  Court  Law, 
Game  Laws,  the  Laws  of 


Bankbtjptcy. 

Bets  and  Wagers. 

Bills  of  Exchange. 

Contracts. 

Copyright,  Patents,  Etc. 

Elections. 


Landlord  and  Tenant. 
Master  and  Servant. 
Husband  and  Wife. 
Executors  and  Trustees. 
Guardian  and  Ward. 
Harried  Women  &  Infants. 
Partners  and  Agents. 
Lender  and  Borrower. 
Debtor  and  Creditor. 
Purchaser  and  Vendor. 


Insurance. 

Libel  and  Slandeb. 

Marriage  and  Divorce. 

Merchant  Shipping. 

Mortgages. 

Settlements. 

Also  Law  for 

Companies     and    Associa- 
tions, Etc. 
Friendly  Societies. 
Clergymen.Churchwardens. 
Medical  Practitioners,  Etc. 
Bankers. 
Farmers. 
Contractors. 

Stook  and  Share  Brokers. 
Sportsmen. 


OPINIONS  OP  THB   PRESS. 


Stock  Exchange  Practice. 
Trespass,  Nuisances,  Etc. 
Transfer  or  Land,  Etc. 
Warranty. 

Wills    and    Agreements. 
Etc.  Etc. 


Gamekeepers. 

Farriers  and  Horse-dealers. 

Auctioneers, House-Agenta. 

Innkeepers,  Etc. 

Bakers,  Millers,  Etc. 

Pawnbrokers. 

Surveyors. 

Carriers. 

Constables. 

Seamen,  Soldiers,  Etc. 


"What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readiness 
when  some  knotty  point  requires  ready  solution,  and  will  be  found  of  service  to  men  of 
business,  magistrates,  and  all  those  who  have  a  horror  of  spending  money  on  a  legal 
adviser."— Bell'*  We. 

"  Really  an  admirable  book  of  its  kind.  .  .  .  The  Author  seems  to  have  employed 
his  powers  of  condensation  to  immense  advantage,  and  the  result  is  a  clearly-worded  and 
explicit  manual,  containing  information  that  must  be  useful  at  some  time  or  other  to 
everybody."— Mechanic*'  Magazine. 

"  This  is  a  work  which  has  long  been  wanted,  which  is  thoroughly  well  done,  and  which 
we  most  cordially  recommend  to  our  readers."— Sunday  Tine*. 

"  In  order  to  meet  all  the  ordinary  cases  likely  to  occur  in  common  life,  this  admirable 
manual  is  provided,  which  gives  to  every  man  in  plain  language,  and  at  a  very  small  cost, 
a  key  to  the  laws  of  his  country,  and  to  enable  him  to  dispense  with  legal  help.  On  all 
those  subjects  we  have  examined  it  is  full,  clear,  and  satisfactory,  and  the  cost  of  the  book 
will  be  saved  to  the  man  of  business  at  every  consultation."— Weil-eyan  Time*. 

THE   LAWS  OF  MIKES  AND   MINING   COMPANIES. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to  MINES 
and  MINING  COMPANIES.  By  Whit-ton  Abundbix,  Attorney-at- 
Law.     Crown  8vo.  4*.  cloth. 


AUCTIONEER'S  ASSISTANT. 

THE  APPRAISER'S,  AUCTIONEER'S,  HOUSE  AGENT'S,  and 
HOUSE  BROKER'S  POCKET  ASSISTANT;  for  the  Valuation, 
Purchase,  and  the  Renewing  of  Leases,  Annuities,  Reversions,  and  of 
Property  generally ;  Prices  for  Inventories,  with  a  Guide  to  determine 
the  Value  of  the  Interiors,  Fittings,  Furniture,  &c.  By  John  Wheelbb, 
Valuer.     24mo.  cloth  boards,  2s.  6d. 
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INNKEEPERS'  LAW. 

THE  INNKEEPER'S  LEOAL  GUIDE:  What,  ho  Must  do,  What 
he  May  do,  and  What  he  May  Not  do.  A  H  ami  y- Hook  to  the  Liabi- 
lities, Limited  and  Unlimited,  of  Innkeepers,  Alehouse-keepers,  and 
Rflfreshmeiif-li.ai.ir  Keepers,  &o.  Second  Edition,  revised  Bad  wi- 
led ;  with  verbatim  copies  of  the  Innkeeper's  Limited  Liability 
Gerund  Licensing,  and  the  Public-house  Closing  Acts,  186  L  By 
R[(  habit  T.  Tiuswbll,  M.A.  Oxoa.  of  the  Inner  Tei 
at-Law,  Esc].,  Joint  Author  of  "  Law  of  Marriage  and  Divorce,"  nnd  of 
"The  Practice  and  Evidence  in  Divorce,"  &c.     Fcp.  Is.  Gd.  cloth  limp. 


arrange' 


it  licensed  victualler  in  the  land  should  have  tail  exceedingly  clear  and  well- 
[  manual," — Sunday  Timet, 


READY  RECKONER  FOB  HOUSEKEEPERS, 

THE  INSTANT  RECKONER  ;  showing  the  Value  of  any  Quantity 
of  Goods,  including  Fractional  Parts  of  a  Pound  Weight,  at  any  price 
from  One  farthing  (o  Twenty  Shillings:  with  an  Introduction,  embrac- 
ing copious  Notes  of  Coins,  Weights,  Measures,  and  other  Commercial 
and  Useful  Information ;  and  an  Appendix  containing  Tables  of  Interest, 
Salaries,  Commission,  &e.     24mo.  Is.  Gd.  cloth;  or  2s.  leather. 

RUDIMENTARY  WORKS. 

WEALE'S  SERIES  of  RUDIMENTARY  SCIENTIFIC  and  EDU- 
CATIONAL WORKS.     At  prices  varying  from  U.  to  5a. 

*#*  This  excellent  and  extraordinarily  cheap  Series  of  Books,  now 
comprising  nearly  201)  different  Works  in  almost  every  department  of 
Science,  Art,  and  Education,  is  strongly  recommended  to  the  notice  of 
M.  i "bailies'    Institutions,   Literary   and   Scientific  Associations, 
Libraries,  Colleges,  Schools,  &c. 

Lists  may  be  had  on  application  to  Messrs.  Lockwood  &  Co. 


EVERY  H0U8EKEEPEE"B  BOOK. 

Just  published,  in  a  cloBoly-printed  volume,  in  a  clear  and  legiblo  type, 
post  8vo.  6a.  cloth, 

THE  DOMESTIC  SERVICE  GUIDE  to  HOUSEKEEPING:  Prac- 
tical Cookery;  Pickling  and  Preserving;  Household  Work;  T 
Management;  tho  Table  and  It  >  it  .  Oellnragg  of  Wines;  Home- 
brewing  and  Wine-making ;  the  Boudoir  and  Dressing- room;  Invalid 
Diet;  Travelling;  Stable  Economy  ;  Gardening,  &c.  A  Manual  of  all 
that  pertainB  to  Household  Management,  from  tho  best  nnd  latest 
authorities,  and  the  Communications  of  Heads  of  Families ;  with  seve- 
ral hundred  new  Recipes. 

"  A  really  metal  Guide  on  the  Important  snbjeots  of  which  tt  traatB." — Spectator. 

"  The  l)0st  cookery  book  published  for  many  years." — Bell'*  Mettenaer. 

"  TtiU  book  la  characterUorl  by  a  kindly  fooltaff  towards  the  clftMCS  it  dwtau  to 
nnd  by  a  nwpeutful  regard  to  roliyion,"—  Record. 

"  w.  Had  hem  din  oti  iiu  bo  be  i  Hi  oovsrtd  tn  bo  i  ■ ': l j ■  - r  book,  tending  to  tw.v  expanse  t>  i 
tlia  iHJcket,  an  well  as  labour  to  tlio  head,    It  i»  truly  an  astonishing  book."— ./vA*  Hull. 


TIMBS'  THINGS  HOT  GENEEALLY  KNOWN. 

THINGS  NOT  GENERALLY  KNOWN.  By  Johk  Tots,  F.SA 
Editor  of  "  The  Year-Book  of  Facte,"  &c.  In  8ix  Volumes,  fcp.  clotl 
15s. ;  or,  tho  Six  Volumes  bound  in  Three,  cloth  gilt,  or  half-bonne 
15s. ;  cloth,  gilt  edges,  16s.  6d.  Contents :  —General  Information 
2  vols. — Curiosities  of  Science,  2  vols. — Curiosities  of  History,  1  vol.- 
Popular  Errors  Explained,  1  vol.  (The  Volumes,  cither  single  vol 
2s.  6d.f  or  double  vols.  5s.,  are  sold  separately.) 

"A  remarkably  pleasant  and  instructive  little  book ;  a  book  as  fall  of  information  m 
pomegranate  is  full  of  seed."— Punch. 
"  A  very  amusing  miscellany." — Gentleman's  Magazine. 
"  And  as  instructive  as  it  is  amusing."— Notes  and  Queriei. 

INVENTORS  AND  DISCOVEEEES. 

STORIES  of  INVENTORS  and  DISCOVERERS  in  SCIENCE  an 
USEFUL  ARTS.  By  Johk  Timbs,  F.SA..  Second  Edition.  Wit 
numerous  Illustrations.     Fcp.  5s.  cloth. 

"  These  stories  by  Mr.  Timbs  are  as  marvellous  as  the  Arabian  Nights'  Entertainment 
and  are  wrought  into  a  volume  of  great  interest  and  worth."— Atlas. 

BY  A  CONTRIBUTOR  TO  "THE  REASON  WHY"  SERIES. 

THE  HISTORICAL  FINGER-POST :  a  Handy  Book  of  Term: 
Phrases,  Epithets,  Cognomens,  Allusions,  &c.  in  connexion  with  Un: 
versal  History.  By  Edward  Shelton,  Assistant  Editor  of  "Th 
Dictionary  of  Daily  Wants,"  &c.  &c.  Second  and  cheaper  Editioi 
1  vol.  crown  8vo.  pp.  384,  2s.  6d.  cloth. 

*'  A  handy  little  volume,  which  will  supply  the  place  of  '  Haydn's  Dictionary  of  Data 
to  many  persons  who  cannot  afford  that  work.  Moreover,  it  contains  some  things  thi 
Haydn  sboek  does  not."— Bookseller. 

"  It  is  to  the  historical  student  and  antiquarian  what '  Enquire  Within  '  is  to  the  pra< 
tical  housewife— not  dispensing  with  stores  of  hard-acquired  and  well-digested  knowledg 
but  giving  that  little  aid  which,  in  moments  of  hurry  and  business,  is  the  true  economist 
of  time."—  Volunteer  Service  Gazette. 

LONDON  IN  THE  NINETEENTH  CENTURY. 

WALKS  and  TALKS  ABOUT  LONDON.  By  John  Timbs,  F.S.A 
Author  of  "  Curiosities  of  London,"  "  Things  not  Generally  Known, 
&c.  Contents : — About  Old  Lyons  Inn — Last  Days  of  Downing  Stret 
— Walks  and  Talks  in  Vauxhall  Gardens  —Last  of  the  Old  Bridewell- 
The  Fair  of  May  Fan: — From  Hick's  Hall  to.  Campden  House — Tal 
about  the  Temple — Recollections  of  Sir  Richard  Phillips — Curiositie 
of  Fishmongers'  Hall — A  Morning  in  Sir  John  Soane's  Museum — , 
Site  of  Speculation — Changes  in  Covent  Garden — Last  of  the  Fief 
Prison — Forty  Years  in  Fleet  Street — Changes  at  Charing  Cross- 
Railway  London — Blackfriars  Bridge — Raising  of  Holborn  Valley- 
An  Old  Tavern  in  St.  James's.  With  Frontispiece.  Post  8vo.  clot 
gilt,  8s.  6d. 

"  The  London  of  the  last  generation  1b,  day  by  day,  being  rent  away  from  the  sight  < 
the  present;  and  it  is  well  that  Mr.  Timbs  is  inclined  to  walk  and  talk  about  it  ere  : 
vanishes  altogether,  and  leaves  the  next  generation  at  a  loss  to  understand  the  pat 
history  of  tho  metropolis  so  far  as  it  has  a  local  colouring,  as  so  very  much  of  it  hs 
Much  of  this  has  now  gone  for  over,  but  our  author  has  watched  the  destructive  cours* 
of  tho  '  improver,'  and  thanks  to  his  industry,  many  a  memory  that  we  would  not  willing] 
let  die  is  consigned  to  the  kcoping  of  tho  printed  page,  which  in  this  instance,  as  in  a 
many  others,  will  doubtless  prove  a  more  lasting  record  than  brass  or  marble." 

Gentleman's  Magazine. 
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